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horsepower than Ford’s,old-design in-line six. ~ -Equipment Groups that can save you up to 
With the standard Insta-Trac system there's $1,800* 


no slowing down or'stopping to switch into See your Chevy dealer today. And'see why— == 
4WD. With Ford's standard system you have to — when it comes to full-size pickups— Americas 
° stop, get out and lock the hubs. ‘having a sérigus change of heart. 
= Right now $ a perfect time to look into an ^ "Based on Manufacturer's Suggested Retail Prices for option packages versus options 


з purchased separately. - 
Extended Cab. And look into our new’Preferred +“ Comparisons based.arfidata available,at time of publishing. ~ =з | 
€1988 General Motors Corporation. All Rights Reserved. - Ы 
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WHAT'S NEW magazine 


Popular 
science 


Workbenches 1i 
as furniture | | 


The sideboard workbench, secre- 
tary shop, and beginners bench 
are for the woodworker trapped in- 
side an apartment or condo. These 
compact benches look like furni- 
ture when they're closed. Page 84 


JANUARY 1989 
Founded in 1872/Vol. 234, No. 1 


Steve Jobs' 
new computer 


The kid who brought the world the 
Macintosh is now the man who 
gives us NeXT: a one-foot-cube 
desk-top computer with the power 
of a mainframe. Has Steve Jobs 


done it again? Page 68 


Ford's new rear-drive super- 
charged Thunderbird Super Coupe 
enters a field of sporty coupes heav- 
ily populated with front-wheel- 
drive cars. POPULAR SCIENCE tests 
the Ford against the Oldsmobile 
Cutlass Supreme, Buick Regal, 
and Acura Legend. Page 42 


Sherry Rowland is the man who 
saved our planet — maybe. He blew 
the whistle on the ozone-destroy- 
ing potential of chlorofluorocar- 
bons used in aerosol sprays, refrig- 
erators, and air conditioners. But 
it took the discovery of a hole in 
the ozone over Antarctica nearly 
half the size of the continent to 
make people listen. Page 60 
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Two hundred years ago, George Washington 
received a fine precision timepiece just like this... 


cs? 


10 


2 ШШ me 


The Father of our mq — Pick i it up. . Tel the time by 
treasured the precisely calibrated curning the dial until sunlight 
timepiece given to him by his focuses on the hour ring. And 
close friend and military aide the experience how Washington must 
Marquis de Lafayette. have felt as he measured each 
It was The Universal Ring Dial, moment in the birth of our nation. 
now a prized collector's item. Every numeral and letter — as 
Re-created in etched solid brass to well as the acanthus leaf design — 
inaugurate the National Maritime is deeply etched into che imported 
Historical Society's official collection brass. Priced at $69. Available 
of fine historic instruments. only from The Franklin Mint. 
TENE eee eet TEE (D 1989 FM 
THE NATION MARITIME HISTORICAL SOCIETY PRESENTS 
The National Maritime Historical Society Please mail by January 31, 1989. 
C/o The Franklin Mint * Franklin Center, Pennsylvania 19091 
SIGNATURE —— 2 o o o uu ooo o 
Please handcraft The Universal Ring Dial in precision-etched solid oe ae RR АШЫШ 
brass expressly for me. And bill me in 4 monthly installments of NAME — - ETEN TEESE ETAETA 
$17.25* each, beginning prior to shipment, The hardwood base, ADDRESS — m uM EN 
instructions for use and historical reference will be provided at no 
additional charge. * Plus my state sales tax and a total of $3. for shipping and bandling. CITY, STATE, ZIP 
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| Global give-away 


*Detroit Goes Global" [Oct. '88] men- 
tions— seemingly with pride—that the 
| Big Three auto makers are now get- 
ting major and minor components from 
around the world. I look on this devel- 
| opment with embarrassment and sad- 
ness rather than with pride. 

The reason the auto makers are 
buying Japanese engines and trans- 
missions and air-conditioning compres- 


sors and radiators from Korea and | 


Taiwan is obvious: It is less expensive 
to buy them over there than to design 
and produce them here. The benefits 
to the car buyers are a reduced price, 
and in some cases, faster delivery of a 
car with good components. 

I have two problems with this strat- 
egy: First, building components over- 
seas takes wages away from American 
workers. The second problem is that 
there's no two-way street. Do you 
see any American-made engines in 
Japanese or Korean cars? We are going 
deeper into an already-horrendous 
trade deficit—exporting only jobs and 
valuable dollars. 

Ed Warnick, Aurora, Colo. 


Radon recovery 


In the October 1988 article “Give Your 
House a Breather” Lawrence Berke- 
ley Laboratory’s William J. Fisk sug- 
gests that heat-recovery ventilators are 
not highly effective for reducing radon 
| levels in homes that have readings 
above 15 picocuries per liter of air. The 
levels in my ranch-style home went as 
high as 135 pci/liter and 400 pci/liter 
in the gravel beneath the floor. Run- 
ning an air exchanger 24 hours a day 
brought the radon levels down by two- 
thirds— still unacceptable. After plug- 
ging the “warm stale air" side of the 
HRV into the floor (creating positive 
pressure in the house and negative 
under the floor) the levels steadily de- 
clined, and now, eight months later, the 


radon levels in the house average under | 


| Towing limits 


one pci/liter. 
Steven R. Warnek, Eagleville, Pa. 
Up, up, and away! 


I must congratulate Steven Ashley on 
an excellent article in the October issue 


| Address letters for thiscolumn to: Readers Talk Back, POPULAR 
Science, 380 Madison Ave., New York, N.Y. 10017. We are 
unable to acknowledge unpublished letters. 
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Readers Talk Back 


(“Jump Jet’). As I read the article on 
my commuter train to work, his thor- 
ough and detailed description of that 
flying experience actually made me 
feel some of the thrill of being there. 
Anthony Zoccola, Philadelphia, Pa. 


Ireally enjoyed the article "Jump Jet." 
The AV-8B Harrier is a unique aircraft. 
But professional pride prompts me to 
ask one question: Would Steven Ash- 
ley have felt more comfortable during 


that wild ride if he had known that he | 
was sitting on the world's most reli- | 


able ejection seat? 
That seat, the SIIIS-AV-8B, was de- 


- signed and built by Universal Propul- 


sion Co. It is rated for altitudes from 0 


| to 50,000 feet (200-foot minimum, in- 


verted) and at speeds from 0 to 600 

knots. Our seats have a save record of 
100 percent! 

Don Wilson, project engineer 

Universal Propulsion Co. 

Phoenix, Ariz. 


Real pilots use maps 


As I read "Jump Jet" I couldn't help 
but laugh when the AV-8B test pilot was 


| quoted as saying that pilots don't need 


to use maps and stopwatches if they 


| have a computerized inertial naviga- 


tion system. I fly the F-111F, and we 
have an INS, radar, and the Pave Tack 
FLIR/Laser targeting system. All these 
systems are tied together by a digital 
computer, but the first thing we do for 
mission planning is draw a 1:500,000 


map of the entire mission as well as | 


detailed maps of the target run and 
area. When we fly a mission, we get to 
a known point on our map, hack a stop- 
watch, and then turn to a dead-reck- 
oning heading. Then we check the INS/ 
radar and computers. Га bet that real 


| USMC Harrier pilots do just about the 
| same thing when they fly a mission. 


Lt. Jim Gunn 
493 Tactical Fighter Squadron 
APO, N.Y. 


Your article “Horsepower!” [Oct. '88] 
with the sidebar on the new electroni- 
cally controlled Chrysler A604 Ultra- 
drive transaxle was informative. How- 
ever, the statement in the sidebar, “The 
lack of an overrunning clutch means 
it [a car with the transmission] can be 
towed with the wheels on the ground 


Continued | 
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STOP BURGLARY BEFORE IT STARTS! 
CALL 1-800-453-7100 TODAY! 


You'll receive FREE details on the 
breakthrough HOME PROTECTOR" 
Wireless Security System ...from 
BLACK & DECKER. 


Can you imagine returning home 
after a relaxing vacation...or a hard 
days work...to discover that you've 
been robbed. 

According to FBI crime statistics 
this will happen in one of every four 
homes over the next ten years. And it 
could happen to you...at anytime. 


At Last...a Home Security 
Solution! 


Now whether you're leaving on 
vacation..a business trip...going to 
work ...or just around the corner to 
your local market...your home and 
family can have RELIABLE 
SECURIT Y! 


Introducing HOME PROTECTOR 

Professional Quality Home Security 

that can guard your doors and win- 
dows...24-hours-a-day! 


Now...Stop Intruders Cold! 
Any intrusion effort is instantly met 
with flashing lights...a powerful siren 
„and, with our optional "on-line" 
HOME PROTECTOR Service, a direct 
call to the authorities of your choice! 


Plus... HOME PROTECTOR" 
has Failsafe Features! 

To put it simply...the HOME PRO- 
TECTOR SYSTEM is almost impos- 
sible to DEFEAT! 

The reason is EVERY component 
of the system...Door Sensors ...Win- 

dow Sensors... Siren...and the 
|, Controller itself work indepen- 
dently. So, once ANY intrusion 
signal is sent out ...every element 

of the system is ARMED...INDE- 

PENDENT...AND IN ACTION 

PROTECTING YOUR HOME. 
Even if the System Control- 
ler is defeated, the rest of 
the System continues 
to operate. Battery 

back-up is also pro- 
vided by long lasting 
Duracell? batteries. 


О) BLACKS DECKER” 


Professional Quality at 
HALF-the-COST! 

Finally..BLACK & DECKER’S 
breakthrough technology makes 
Home Security ..AFFORDABLE! 
“State-of-the-Art” wireless elec- 
tronics make installation simple... 
and cuts the cost of Professional 
wiring...IN HALF! 


FREE Detalls...Call or Write 
TODAY. 

For complete details on the HOME 
PROTECTOR system...including 
“6 Things Burglars Know That You 
Should Know Too."...call TOLL 
FREE...or Mail The Coupon TODAY. 


CALL TOLL FREE 
"EE 100 


HOME BLACKS DECK 


4 
ii 
Dept. A213 ü 
Box 5259 й 

Clifton, NJ 07012 
OYES! | want to know more about the § 
breakthrough HOME PROTECTOR se- Ё 
curity system. Please rush my FREE |l 
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Readers Talk Back Continued 


... could be misleading and confus- 
ing to readers. Although removing the 
overrunning clutch greatly improves 
| towing capability, there are distance 
| and speed limitations. The gear selec- 
tor must be in neutral, the distance to 
be traveled must not exceed 100 miles, 
and the towing speed must not exceed 
| 45 mph. If the transaxle is not opera- 
tive or the vehicle is to be towed more 
than 100 miles, the vehicle must be 
towed with a dolly or with the front 
! wheels off the ground. 
Thomas R. Noble 
| Development Engineer 
Automatic Transmission Engineering 
Chrysler Motors Corp. 
Detroit, Mich. 


Keeping the roof on 


| I found the October 1988 article “Tor- 
nado" interesting, but I was disturbed 
by author Gode Davis's statement that 
it is not necessary to open windows dur- 
ing a tornado because a 100-millibar 
drop in atmospheric pressure will not 
cause a building to explode. 

I witnessed examples of a tornado's 
explosive force in the late 1950s as a 
research meteorologist with the former 
U.S. Weather Bureau's Severe Local 
Storms Center in Kansas City, Mo. 
In one house the casement windows 
(hinged at the sides like a door) had 
been closed but not fastened. After the 
tornado's passage the windows were 
wide open and the house was scarred 
by debris, but it was otherwise un- 


harmed. In an adjacent house the | 


owner remembered shutting and fas- 


tening the casement windows: That | 
house was not available for further | 


inspection. 

In the first house pressure was 
equalized when the windows blew 
| open. In the second house the windows 
could not open and the house exploded 
| and blew away. I will continue to open 
| my doors and windows when there is 
| a tornado warning. I hope others will 
do so too. 

I also question the statement that 
tornadoes are most apt to occur in 
spring and fall. Air instability is gen- 
erally greatest in spring and early 
summer, and a check of tornado sta- 
tistics shows that more tornadoes occur 
then. 

Dansy T. Williams, Macon, Ga. 


T. Theodore Fujita, professor of meteo- 
rology, University of Chicago, replies: 
"In my view both author Davis and 


suction vortices orbit around the cen- 
ter of a strong tornado at high travel- 
ing speed. A strong suction vortex could 
cause an airtight house to explode. But 
because no one can predict the direction 
of orbiting vortices before they hit a 
house, there is no way to equalize the 
pressure by opening the proper win- 


dowt(s).If one opens the wrong window, | 


high winds will get into the house 
through the window, and the house will 
explode quickly. For the last 10 years 
the National Weather Service has been 
telling people not to open windows dur- 
ing a tornado. I personally believe that 
the wind effects are more important 
than pressure effects in causing struc- 
tural damage in tornadoes, and I too 
do not recommend opening windows 
during a tornado. 

Reader Williams is correct. Torna- 
does are most common in spring and 
summer." 


Downscale deluxe 


In the November 1988 car test, “The 
Econocar Redefined," you state that 
you tested the Toyota Corolla LE and 
that the upscale Deluxe model was 
equipped with a sway bar. Actually, the 
Corolla LE is the upscale model. With 


| a sway bar, larger tires, and other fea- 


tures it has a base price of $10,898. 
Had you tested the Corolla LE in- 

stead of the cheaper Deluxe model 

shown in the photo accompanying the 

article, you would have obtained bet- 

ter handling. 

Henry M. Pelc, Moreno Valley, Calif. 


In hot water 


In the September 1988 "Energy Q & 
A' Jan Kreider answered a question 
about heat loss and water wastage as- 


sociated with hot-water lines running | 


to a bathroom nearly 100 feet from the 
water heater. I don’t agree with his sug- 
gestions to reinsulate piping or instal] 
more piping and a recirculating pump. 
The continuously heated surface area 
associated with this recirculation loop 
is enormous and probably loses as 
much energy as the occasional hot- 
water demand. 

A preferable solution would be to dis- 


| connect those hot-water lines from the 


reader Williams can be correct, depend- | 


ing upon the type of both house and tor- 
nado. In 1971 I postulated that small 


fast-spinning vortices called multiple | 
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water heater and simply bypass it. In- 
stead, put a flow heater at the far end. 


| Although there is a significant initial 


cost, it is cheaper than ripping up walls 
to reinsulate piping or installing a re- 
circulating pump. 

Marc Schiler 


Swiss Federal Laboratories for | 


Materials Testing and Research 
Dubendorf, Switzerland 
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Causes Lung Cancer, Heart Disease, 
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“ПОП T CARE 
WHAT YOU'RE 
DRIVING. 

START IT WITH 
DELCO POWER.” 


— Chuck Yeager 


You don't have to be a rocket scientist to know that you 
› can't go wrong with a Delco Freedom or Dura Power Battery under your hood. 
Hey, they're maintenance-free. 
That means you never have to give 'em a second thought 
They're built to last. With more than enough cold cranking amps to start 
' whatever you're driving. Domestic or imported. And the built-in "green eye" lets 


‚ you know the state of charge at a glance Ei f 
Delco Batteries also come with a limited warranty thats good nationwide, 


) Check it out where you shop for auto parts. And for the retailer nearest you, just 
) give me a call at 1-800-AC-DELCO GENERAL MOTORS CORPORATION 


C-DELCO. THEY ПОП Т JUST FIT. THEY MATCH. 


Delco | 
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How can anything so ultra light 
faste so ultra good? 


Find out for yourself. Try a pack today 


`  VANTAGE® 


VANTAGE C 


ULTRA LIGHTS 


! ULTRALIGHTS 


Science N 
By ARTHUR FISHER 


PEE C 


п E - 
Training for space 


| Young people attending the U.S. Space 
Camp at The Space & Rocket Center 
in Huntsville, Ala., will now be able 
to live in the new Space Habitat seen 
in the photo above. The structure was 
inspired by designs for the living mo- 
dules of NASA's proposed space station. 
Horizontal metal tubes, each longer 
than a football field, will be divided 
into six-person sleep stations contain- 
ing built-in exercise equipment and 
computer work stations. "We incorpo- 
rated as many space-station design 
concepts as possible, including the size 
of the modules," says Space Center De- 
sign Manager Tom 
Fricker. The four- 
story-tall structure 
| will accommodate 
444 students and 
| counselors. 

The goal of the 
Space Center, which 
| opened in 1982, is to 
| stimulate young peo- 
ple from grade four 
and up to study 
math, science, and 
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high technology, using the adventure 
of space exploration as a lure. The idea 
was launched in the mid-1970s by 


Wernher von Braun, for years POPULAR 


| SCIENCE's consulting editor for space. 
| He noted that although there were 


then summer camps for music, theater, 
sports, and even cheerleading, there 
was none for science. 

Each trainee takes part in simu- 
lated space missions using orbiter and 
mission-control mockups appropriate 
to each age group. “These youngsters," 
says Edward O. Buckbee, the center's 
director, “will be the space-flying gen- 
eration. They're excited about making 
a contribution to the space program. 


This fish, a previously unknown species, was brought back alive from a Mad- 
agascan rain forest by American Museum of Natural History researchers. 


Space Camp's new 
habitat simulates 
NASA's proposed 
space station. 
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And we expect that some of them will 
man our new space station, will help 
design and establish a lunar colony, 
and will be aboard the manned mis- 
sion to Mars." 


Fish story 


The colorful little fish (just four inch- 
es long) shown here is creating quite 
a stir in ichthyological circles. The 
reason: It's a member of a new, pre- 
viously unknown species of a group 
called silversides. It was brought back 
alive from Madagascar by researchers 
from the American Museum of Natu- 
ral History, Assistant Curator Melanie 
Stiassny, and visiting 
scientist Peter Rein- 
thal of the museum's 
Department of Herpet- 
ology and Ichthyology. 

The find is impor- 
tant because the new 
species belongs to the 
primitive genus Be- 
dotia, about which 
little is known. Its 
study may help un- 
ravel some evolution- 
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Not photos, these super-real computer graphics images of a 
steel mill (left) and museum interior (right) were made pos- 


ary mysteries surrounding the group. 

The fish was found in a freshwater 
habitat—unusual because the silver- 
side family is primarily marine, living 
worldwide in tropical and temperate 
seas. The habitat was located in one 


| of the last remaining areas of rain for- 


est in Madagascar, the site of a pro- 
posed Ranomafana National Park. The 
huge island off the east coast of Africa 
has an evolutionary development long 
separate from that of the mainland, a 
separation that has produced a spec- 
tacular population of markedly differ- 
ent plants and animals. 


Bang! You’re a diamond 
Physicists at Los Alamos National Lab- 


| oratory in New Mexico have for the 


first time found diamonds in the rem- 


| nants of a high-explosive detonation. 


“The computer modeling is not capa- 
ble of predicting this at all,” says J. D. 
Johnson, the leader of a project study- 
ing the chemistry of carbon in high ex- 
plosives. “It was a surprising and 
interesting result.” 

Johnson and his group were simply 
trying to make better explosives. The 
unusual research trail began when Roy 
Greiner, a physical chemist, traveled 
to West Germany’s Fraunhofer Insti- 
tute for Propellants and Explosives to 
work with Fred Volk, an expert who 
had special equipment that enabled the 
recovery of the residue of controlled 
detonations. They used ordinary ex- 
plosives such as TNT, which contains 
carbon. 

“We would fire off an explosion using 
argon gas as a cushion to prevent the 
explosive products from hitting the 
sides of the container. Then we would 
sweep up the soot.” When Greiner 


brought samples back to Los Alamos | 


for analysis, the scientists found that 
about 20 percent of the carbon had 
been turned into diamond. Apparently 
the intense heat and pressure of the 
explosion—more than 5,000 degrees 
F and 250,000 atmospheres—were 
enough to form diamonds from carbon 
clusters. 

The method will not displace other 
techniques for creating man-made 
diamonds; the crystals are less than 
one-millionth of an inch in diameter. 
“We spend about one thousand dollars 
to make thirty dollars worth of dia- 
monds,” says Johnson. 

Going beyond concerns about carbon 
chemistry and its role in explosives, this 
research may help astrophysicists ex- 
plain the origin of the tiny diamonds 
recently found in meteorites. “The pro- 
cess that made those diamonds in 
space,” says Johnson, “may be the 
same one that produced them in our 
explosions.” 


So real, it’s unreal 


Researchers at Cornell University have 
been able to make a successful com- 
puter-graphics technique more acces- 
sible by making it at least 100 times 
faster. 

The technique, called radiosity, es- 
sentially renders a scene in a highly 
realistic manner by calculating how 
light reflecting from various diffuse 
surfaces affects the appearance of other 
surfaces. This approach was first de- 


veloped at the Cornell Program of 


Computer Graphics [^SNE," Feb. '88] 
and generates remarkably lifelike im- 
ages with a subtle interplay of light 
and shadow. The problem has been that 
it also requires tremendous computing 
power and memory, thus eating up 
large amounts of expensive computer 


sible by a new and faster radiosity technique developed by 
researchers at Cornell University's School of Architecture. 


time. A typical rendering consumes 
many hours or days on even the most 
powerful minicomputers. 

Now such scenes can be created in 
minutes, thanks to the new method, 
called in a recent paper “A Progres- 
sive Refinement Approach to Fast 
Radiosity Image Generation.” Not only 
hasthe technique been speeded up, but 
it can now be applied to parallel com- 
puting, using many processors yoked 
together. It produced the remarkable 
images at the top of this page: a steel 
mill (above left) and a museum inte- 
rior (above right). 

The new computer program was de- 
veloped by Assistant Professor of Ar- 
chitecture Michael Cohen, graduate 
student Shenchang Eric Chen, former 
graduate student John R. Wallace, and 
Professor Donald P. Greenberg, direc- 
tor of the Cornell program. 


Horseradish perils 


Sufferin' succotash .. . er, horseradish! 
Two demonstrations of the perils of eat- 
ing oversized portions of horseradish 
have been reported in T'he Journal of 
the American Medical Association. 
Both were associated with ethnic food. 
In one report dubbed “Sushi Syncope,” 
an unwary gentleman swallowed a 
mound of wasabi, a potent Japanese 
horseradish concoction, in the mis- 
taken belief that it was some sort of 
green seafood. The resulting symptoms 
included profuse sweating and mental 
fogginess, and the man lurched out of 
the restaurant and collapsed on the 
sidewalk outside. He regained con- 
sciousness quickly, however, and ap- 
peared normal within a day. 

The second case involved a man who 
consumed a large batch of homemade 


horseradish during the course of the 
Continued 
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The problem with “hot” their driving to the real world — horizontally-opposed engine. 


sports cars, of course, is that would do well to consider the . But what makes it 
ey re not so hot in nasty Subaru XT-6. | unique age. Sports cars Is 
weather. And they're touchy The XT-6 offers one of the option o ier front- 
on tough terrain. the most aerodynamic shapes wheel drive or full-time four 
wo excellent reasons ever sculpted for the road. And wheel drive. An option that- 
why enthusiasts who confine an inspiring, 145-horsepower, means high performance 


© Subaru of America, Inc. 1988. *See your local Subaru dealer for details of the warranty. Seat belts save lives. 


motoring is no longer strictly 
a seasonal sport. 

The XT-6 further offers 
the technological virtues of 
multi-point fuel injection, the 
reassurance of a 36 month/ 


36,000-mile bumper-to- 


с УМК RE PRA CARNE NN de eM. 


bumper limited warranty* don't. But it wouldn't have 
and a price tag you'll find been the sporting thing to do. 
highly manageable. 


Of а we could have SUBARU. 


taken our car, which performs 


pe ; te 
well in bad weather, and made We Built Our Reputation 
it as expensive as the ones that By Building. A Better Сак 


tors like this one at St. Andrews Uni- 


traditional Jewish Passover meal with 
similar consequences, including loss of 


the communications spectrum. 


Going up-spectrum 


consciousness. Follow-up tests showed | A new generation of optical electro- 


| no brain or heart abnormalities. 
Horseradish is the name of a plant 

in the mustard family and also of the 

pungent relish made from its root. 
Please pass the mayo. 
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magnetic transmitters, like this mir- 
ror-and-lens interferometer at the 
Department of Physics and Astronomy 
at St. Andrews University in Scotland, 
may help break the present logjam in 
information traffic. The communica- 
tions spectrum for radio, microwave, 
radar, and television is increasingly 
crowded, with the highest frequencies 
being used at about 100 gigahertz. One 
way out of the electromagnetic jam is 
to go to much higher frequencies, in 
the range of 100 to 1,300 gigahertz. 
But the new equipment needed for such 


transmissions must be developed in | 


| Don't get rid of that gum! 


The prototype Fire Ant, a remotely op- | 


erated robotic system, fires a 22-lb. cop- 
per slug into armored vehicles. 


tandem with the appropriate test 1п- 


| | struments. A new interferometer being 


built at St. Andrews will measure both 
the amplitude and phase of signals in 
the 75-to-300 gigahertz range with an 


| accuracy of one percent. Its develop- 
| ment won the inventor, Dr. Jim Lesurf, 


the 1987 Metrology Prize from Brit- 


ains National Physical Laboratory. 


Robotic Fire Ant 


The picture at the bottom of this page | 
shows a Fire Ant—not the insect that 
plagues large parts of the country but 


| an experimental robotic system with 
| an even more potent sting. 


Developed at Sandia National Lab- 


| oratories in Albuquerque, N.M., the 


new system can detect and demolish 
moving armored vehicles up to 550 
yards away. It uses a small robotic ve- 
hicle (actually a small commercially 
available four-wheel all-terrain vehi- 
cle) that carries the sting, a powerful 
experimental munition that can de- 
stroy tanks and other large armored | 
vehicles. The system is moved into po- 
sition via radio link by a remote oper- 
ator watching TV picturestransmitted | 
by a small camera aboard the Fire Ant. 
The operator aims it, arms the muni- 
tion, and sets the robot to recognize 
moving vehicles. At that point the sys- 
tem will automatically fire at any large 
moving vehicle that enters its aim 
point. 

The experimental munition propels 
a 22-pound copper slug with a veloc- 
ity of more than 6,600 feet per second. 
It can be aimed accurately at targets 
nearly a third of a mile away. Extreme- 
ly compact, it looks like a large spot- | 
light sitting atop the robot. 


| Chewing a gum containing xylitol after 


meals is a valuable alternative to tot- 
ing around a toothbrush. Xylitol, a nat- 
ural sweetener chemically classified as 
a sugar alcohol and extracted from 
birchwood, reduces cavities by up to 50 
percent even three years after chew- 


| ing it is discontinued. 


The evidence comes from a study 
conducted in Finland, according to 
Kauko L. Makinen, professor of den- 
tistry and biochemistry at the Univer- 
sity of Michigan, who has been studying 
natural and artificial sweeteners for 
the last 19 years. 

"It is a most pleasant way to exer- 
cise oral hygiene," says Makinen. “A 
xylitol chewing-gum program has ex- 
tremely long-term benefits. It is effec- 
tive not only during consumption, but 
... even after you stop using it^" Gs] | 


VAI 


| ` IT MAY NOT BE PRETTY... 
| But it's pretty interesting reading. 
© When you want the books that tell it 
like it really is, turn to the 
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tory books, return them at our expense. Your membership will be canceled and you will owe | 

nothing. The FREE MAPS are yours to keep in any case. 

Huge selection: As a Club member, you'll have over 350 titles to choose from—a 
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PTREAC! 


Tracy Chapman. 
(Elektra) 369892 


Little Feat—Let It Roll 


(Warner Bros.) 373720 
Kronos Quartet 
(Nonesuch) 373993 
Mieczyslaw Horszowski— 
Mozart/Chopin/Schumann 
(Monesuch) 373902 


nton Marsalis—Portrait 
of ton Marsalis 
(CBS Master.) 373555 


Ozzy Osbourne—No Rest 
For The Wicked 

(Epic) 373308 
Olivia Newton John—The 
Rumour (MCA) 373035 
Various Artists—Folkways/ 
A Tribute To Woody Guthrie 
(Columbia) 37299 
Sugar Cubes—Life's Too 
Good (Elektra) . 372896 


Big Audio Dynamite— 
Tighten Up, Vol. '88 
(Columbia) 372672 
Emanuel Ax—Chopin: 4 
Scherzos, Mazurkas 

(CBS Master) 372466 
Gerald Schwarz, Cornet— 
Bach: Brandenberg 
Concertos/Suite In B Minor/ 
Ransom Wilson, Flute/L.A. 
Chamber Orchestra 

(Angel) 372367-392365 
The Psychedelic Furs—All 
of This and Nothing 
(Columbia) 372136 
Willie Nelson—What A 
Wonderful World 
(Columbia) 372128 


Richard Marx (ЕМ!) 369611 


(Realm) 369413 


Bob James-—lvory Coast 
(Warner Bros.) 372789 
UB40 (A&M) 372730 
Branford Marsalis— 
Random Abstract 
(Columbia) 371849 
Grover Washington, Jr.— 
Then and Now 

(Columbia) 371476 
Yehudi Menuhin—Handel: 
Orchestral Suites Royal 
Philharmonic Orch. 

(MCA Classics/RPO) 371005 
Spyro Gyra—Rites of 


Summer (MCA) 370767 
Randy Travis—Old 8 x 10 
(Warner Bros.) 370643 


Pat Benatar—Wide Awake 
In Dreamland 
(Chrysalis) 370528 


Gold & Platinum Vol. IV 
—Various Artists. 


Luther Vandross—Any 
Love (Epic) 373399 
Bob James—The Scarlatti 
Dialogues 

(CBS Masterworks) 369835 
John Williams—The 
Baroque Album 

(CBS Masterworks) 369769 
Claude Bolling—Piano 
Bolling's Greatest Hits 
(CBS) 369751 
Patti Smith Group— 
Dream Of Life 

(Arista) 370478 
Michael Crawford—Songs 
From Stage & Screen 
(Columbia) 370411 
Hank Williams, Jr.—Wild 
Streak (Warner Bros./ 


Curb) 370320 


Wynton Marsalis Quartet 
—Live At Blues Alley 
(Columbia) 370080-390088 


Sergiu Comissiona— 

Schumann: Symphony No. 

1In B Flat "Spring" Op. 38 

& No. 1 In D Minor Op. 120 

Houston Symphony 

(Pro Arte) 

Schumann-Cello 

Concerto.— Yo-Yo Ма; 

Davis, Bavarian Radio Sym. 

Orch. 

(CBS Masterworks) 369843 

Johnny Mathis—Once In A 

While (Columbia) 368639 

Georgia Satellites—Open 

All Night (Elektra) 368480 

Joan Jett And The 

Blackhearts 

—Up Your Alley 

(CBS Associated/Blackheart) 
368340 


Basia—Time And Tides 
(Epic) 
REO Speedwagon— 


| Greatest Hits (Epic) 367672 
| The Best of Eric Carmen 
367599 


(Arista) 

Brahms—Double Concerto. 
Isaac Stern, Yo-Yo Ma; 
Abbado, Chicago Sym. 
(CBS Master) 367250 
Dwight Yoakam—Buenas 


Noches From A Lonely 
Room (Reprise) 372078 


Talking Heads—Naked 
(Fly/Sire) 369397 
Michael Feinstein— 
Remember: Michael 
Feinstein Sings мас 
(Elektra) 322 


Prince—Love Sexy 

(Paisley Park) 369124 
Ziggy Marley & The 
Melody Makers— 


Conscious Party 
(Virgin) 369512 


ril Cetera—One More 
t 


(Full Moon/Warner Bros.) 


Europe—Out of This World 
(Epic) 37 


Steve Winwood—Roll With It. 


(Virgin) 371211 


George Benson—Twice 
The Love 
(Warner Bros.) 373258 


Mendelssohn- Violin 
Concerto; Saint-Saens: 
Intr. & Rondo Capriccioso; 
Massenet: Meditation. 
Nadja Salerno-Sonnenberg 
(Angel) 366872 


Brian Wilson (Sire/Reprise) 
eT 


3664 
Midnight Oll—Diesel And 
Dust (Columbia) 366153 
Billy Ocean—Tear Down _ 
These Walls k 
(Шуе/Апв!а) 365825 
Beethoven—Symphony 
No. 9. Norrington, The 
London Classical Players 
(Angel) 365619 
Keith Sweat—Make It Last 
Forever (Elektra) 365544 


George Harrison—Cloud 
Nine (Dark Horse) 365494 
Viadimir Feltsman— 
American "Live" Debut 
(CBS Master.) 
365254-395251 
James Taylor—Never Die 
Young (Columbia) 365189 
Taylor Dayne—Tell It To My 
Heart (Arista) 364711 
Daryl! Hall & John Oates— 
ooh yeah! (Arista) 365775 


Metallica—And Justice For 
All (Elektra) 372805 
Wynton Marsalis— 
Baroque Music For 
Trumpets. 
(CBS Master) 
Foreigner—Inside 
Information (Atlantic) 364018 
Madonna- You Can Dance 
(Sire) 362657 
Linda Ronstadt— 
Canciones De Mi Padre 
(Asylum) 
Andres Segovia 
Collection, Vol. 1 Music 
Bach 


364695 


(MCA Classics) 362293 
George Michael—Faith 
(Columbia) 362228 


Belinda Carlisle—Heaven 
On Earth 

(MCA) 362129 
Michael Jackson—Bad 
(Epic) 362079 
Sting—...Nothing Like The 
Sun (A&M) 361675 
Introducing The Hardline 
According To Terence 
Trent D'A 


(Columbia) 361618 
Poloos Opan Up And Say 
‘Gapitove nigma) 368688 


Kenny G—Silhouette 


(Ansta) 371559 
Guns N' Roses—Appetite 
For Destruction 

(Geffen) 359984 
Various Artists—World's 
Greatest Overtures Strauss/ 
Suppe/Brahms/Beethoven/ 
Wagner/Tchaikovsky 

(Pro Arte) 361279 
Yes—Big Generator 

(ATCO) 361170 
Claudio Abbado— 
TU S полу 
No. 6 Chicago phony 
Orchestra 

(CBS Master) 361022 
Bruce Springsteen— 
Tunnel Of Love 

(Columbia) 360115 
Billy Idol—Vital Idol 
(Chrysalis) 360107 


Debbie Gibson—Out Of 
The Blue (Atlantic) 359927 
Kiri Te Kanawa—Sings 
Gershwin (Angel) 359745 
Aerosmith—Permanent 
Vacation (Geffen) 359075 
"La Bamba’, Orig. 
Sountrack 

(Slash/Warner Bros.) 357939 


10,000 Maniacs—In My 
Tribe (Elektra) 361600 


The Movies Go To The ‘ae 


—Various Artists. (Ange! 
Studio) Зод 


Robe rtPalmer Mo езу 
Nova. (EMI) 370395 


Elton John—Reg Strikes 
Back 


(MCA) 370536 


INXS—Kick (Atlantic) 361519 


Classics of the 50's, 60's and 70’s 


Grateful Dead—Europe 72 


(Warner Bros.) 


370064-390062 


Bob Dylan—Blonde On 


Blonde (Columbia) 369942 


Jerry Lee Lewis—18 
Original Sun Greatest Hits 
(Нит) 


Hits (Rhino) 


Best of Ritchie Valens 
369082 


(Rhino) 


Dion and The Belmonts— 
369074 


The Drifters--Golden Hits 
36584 


Their Best (Laurie) 


(Atlantic) 


Traffic—John Barleycorn 
Must Die (island) 


Jimi Hendrix—The Cry Of 
Love (Hepnse) 


Stevie Wonder— 


Innervisions (Tamla) 362368 


The Who-—Who's Next 
(MCA) 
Yes—Fragile 
(Atlantic) 
Aretha Franklin—30 
Greatest Hits (Atlantic) 


350793-390799 


Rolling Stones—Sticky 


Fingers (Rolling Stones Нес.) 
350645 


Jethro Tull—Thick As A 
Brick (Chrysalis) 


369108 
The Turtles—20 Greatest 
369090 


Supertramp—Classics Vol. 
9 (A&M) 364471 


363556 


357277 


351957 


367136 


The Mamas & The Papas 
—16 Of Their Greatest Hits 


(MCA) 348623 


Buddy Holly—From The 
ae Master Tapes 

(M 

Best Of The Monkees— 
Then And Now 


The Best of The Doors. 
(Elektra) 357616-397612 


Diana Ross & The 
Supremes—25th 

Anniversary Album 
(Motown) 


Chuck Berry—The Great 
Twenty-Eight 

(Chess) 343657 

The Byrds—Greatest Hits 
(Columbia) 342 
A Decade Of 


Steely Dan (MCA) 341073 


Best Of Kansas* 
(CBS Assoc) 

Motown's 25 #1 Hits 
(Motown) 


А) 348110 


345454-395459 


327742 


319996-399998 


Creedence Clearwater 
Revival—20 Greatest Hits 
(Fantasy) 308049 
Lynyrd Skynyrd Band— 
Gold & Platinum 

(MCA) 307447-397448 
Woodstock—Orig. 
Soundtrack 
(Atfantic) 


Beach п Воуз—Ма de In 
The U.S.A. (Capitol) 
346445-396440 


Led Ze magistri: Of 


The Holy (Atlantic) 


Emerson, Lake & Palmer 
—Brain Salad Surgery 

(Atlantic) 
Led Ze 
(Atlantic 
America—Greatest Hits 
(Warner Bros.) 
James Taylor's—Greatest 
Hits (Warner Bros ) 
The Steve Miller Band— 
Greatest Hits 1974-78 

(Capitol) 


lin IV 


291864-391862 


293597 


291526 


291435 


291385 


291302 


290171 


Linda Ronstadt—Greatest 
Hits (Asylum) 286740 
Meat Loaf—Bat Out Of Heil 
(Epic) 279133 
Billy Joel—The Stranger 
(Columbia) 277491 
Best Of The Band 
(Capitol) 

Boston (Epic) 
Peter Frampton— 
Frampton Comes Alive! 
(A&M) 262311-392316 
Chicago” IX—Greatest Hits 
(Columbia) 260638 
Bruce 5 gren IR 
To Run (Columbia) 257279 
Cat Stevens—Greatest Hits 
(A&M) 256560 
Jim Croce—Photographs & 
Memories: His Greatest 
Hits (Saja) 245868 
Santana—Greatest Hits 
(Columbia) 244459 
Janis Joplin—Greatest 

Hits (Columbia) 231670 
Simon & Garfunkel— 
Greatest Hits 

(Columba) 219477 
Blood, Sweat & Tears— 
Greatest Hits 

(Columbia) 214650 
pr nbi & The olii Stone's 


(Epic) 196246 


Bob Dylan—Greatest Hits 
(Columbia) 138586 


269209 


Huey Lewis & The News— 


Small World. (Chrysalis) 371419 


| VAN HALEN 
00812 


Van Наіеп-—00812. 
(Warner Bros.) 369371 


avid Sanborn—Close Up 
Varner Bros.) 370304 
chaikovsky Waltzes— 
omissiona, Houston сүл 
го Arte) 357871 
eethoven—Piano Conc. 
o. 5. Perahia; Haitink, 


oncertgebouw Orch. 

‘BS Masters.) 357657 
rateful Dead—In The 

ark (Arista) 357087 
eart—Bad Animals 

аро!) 

est Of Earth, Wind & 
ire—Vol. | 

;olumbia/Arc) 290916 


sound investment, indeed! You can 
jet EIGHT brand-new, high-quality 
.ompact Discs for t —that's a good deal! 
ind that's exactly what you get as a new 


` Bobby McFerrin—Simple 


li a 


Cocktail—Original Soundtrack. 


(Elektra) 373779 


—— 


Pleasures. (EMI) 369306 


Sade—Stronger Than Pride 
(Epic) 368027 
Gloria Estefan & Miami 
Sound Machine—Let It 
Loose (Epic) 356279 
Viadimir Horowitz, Piano 
—Favorite Encores 

(CBS Masterworks) 355164 
Fleetwood Mac—Tango In 


The Night 

(Warner Bros.) 354902 
U2—The Joshua Tree 
(Island) 

Suzanne itude 
Standing (A&M) 356287 


ember of the CBS Compact Disc Club. 


ust fill in and mail the application—we'll 
end your 8 CDs and bill you 14, 
hipping and handling. You simp 
> buy six more CDs (at regular club prices) 
1 the next three years—and you may then 
ancel your membership anytime after 


loing so. 


low the Club works: About every four 
veeks (13 times a year) youll receive the 
Jub's music magazine, which describes the 
election of the Month...plus many exciting 
Iternates; new hits and old favorites from 
very field of music. In addition, up to six 
mes a year, you may receive offers of 
pecial Selections, usually at a discount 
ff regular Club prices, for a total of up to 
buying opportunities. 

If you wish to receive the Selection of 

e Month, you need do nothing—it will be 
ipped automatically. If you prefer an 
Iternate selection, or none at all, fill in the 
2sponse card always provided and mail it 
y the date specified. You will always have 


lections with two numbers contain 2 CDs and count as 2—s0 write in both numbers. 


{BS COMPACT DISC CLUB: Terre Haute, IN 4/81 


agree 


at hal 


Julio Iglesias—Non-Stop 
(Columbia) 367094 


Pachelbel Canon—Other 
Digital Delights. Davis, 
Toronto Chamber Orch. 
(Fanfare) 


The Police—Every Breath 
You Take... The Singles 
(A&M) 348318 
Huey Lewis And The 
News—Fore! 

(Chrysalis) 347955 
Enoch Light & The Light 
Bri Big Bands 
Of The Thirties 
(Project 3) 341263 


at least 10 days in which to make your 
decision. If you ever receive any Selection 
without having 1O days to decide, you may 
return it at our expense. 
The CDs you order during your 
membership will be billed at regular Club 
lus prices, which currently are $12.98 to 
x $15.98— plus shipping and handling. 
(Multiple-unit sets may be somewhat 
higher.) After completing your enrollment 
agreement you may cancel membership at 
any time; if you decide to continue as a 
member, you'll be eligible for our money- 
saying bonus plan. It lets you buy one CD 
price for each CD you buy at 
regular Club prices. 
10-Day Free Trial: We'll send details of 
the Clubs operation with your introductory 
shipment. If you аге not satisfied for any 
reason whatsoever, just return everything 
within 10 days and you will have no further 
obligation. So why not choose 8 CDs for 
1¢ right now? 
ADVANCE BONUS OFFER: As a special 
offer to new members, take one additional 
Compact Disc right now and pay only 
$695. It's a chance to get a ninth selection 
at a super low price! 


© 1989 CBS Records Inc. 


Robert Plant—Now and 
Zen(EsParanza) 366716 


Best Of The Kinks—1977- 
1986 (Arista) 345314 


Anita Baker—Rapture 
(Elektra) 
Copland—Rodeo, Billy The 
Kid. Slatkin, St. Louis $ 
(Angel) 344184 
Vivaldi—The 4 Seasons. 
Maazel, Members Of The 
French Nat'l Orch. 

(CBS Masters.) 343715 
Tchaikovsky—Eugene 
Onegin. Seiji Ozawa, Berlin 
Phil. (Angel) 343244 
Barbra Streisand—The 
Broadway Album 

(Columbia) 342097 
Andreas Vollenweider— 
Down To The Moon 

(CBS) 346643 
Barry Manilow—Greatest 
Hits (Arista) 288670 


— _ 


faster.) 273528. 


-..,.LyctanePevacotti—Pavarotti In 
ae CORCETT-TEBO-Mas 


а 
OPEN/CLOSE 


ly Simon—Greatest 
Hits Live (Arista) 365874 
The Cars—Greatest Hits 
(Elektra) 
Gershwin— Hh In 
Blue; etc. Tilson as, 
L.A. Philharmonic 
(CBS Masters.) 339226 
Mozart—Symphony No. 40 
inG Minor. Kubelik. 
Bavarian Radio Sym. 
(CBS Master) 339044 
Sting—The Dream Of The 
Blue Turtles (A&M) 336669 
Billy Joel—Greatest Hits 
Vols. 1&2 
(Columbia) 336396-396390 
Dire Straits—Brothers In 
Arms (Warner Bros.) 336222 


(A&M) 334607-394601 
Whitney Houston 
(Ansta) 


ADVANCE BONUS OFFER: Also send me 
one more CD right now atthe super low price 
of just $6.95, w 


Mole: we reserve the r 
available in APO, FPO, 


ich will be billed to me. 


Whitney Houston— 
Whitney (Ansta) 356154 
Air Supply—Greatest Hits 
(Arista) 321307 
Elton John—Greatest Hits 


(MCA) 319541 
Michael Jackson-- Thriller 
(Epic) 318089 


Squeeze—Si 45's 
And Under (A&M) 317974 
Stevie Wonder—Orig. 
Musiquarium |-Greatest 
Hits amla) 314997-394999 
Neil Diamond—12 Greatest 
Hits, Vol. H prn 

1 


Best Of Blondie 
(Chrysalis) 311811 
Boz Scaggs—Hits! 
(Columbia) 306571 


Linda Ronstadt—' Round 
Midnight with Nelson 
Riddle And His Orch. 
(Asylum) 348987-398982 


CBS COMPACT DISC CLUB, 1400 N. Fruitridge 
PO. Box 1129, Terre Haute, Indiana 47871-1129 


Please accept my membershi 


application under the terms outlined in this 
advertisement. Send me the 


Compact Discs listed here and bill me W plus 
shipping and handling for all eight. | agree to buy six more selections at regular 
Club prices in the coming three years—and may cancel my membership af any 
time after doing so. 


Send me these 
8 CDs for 14 


My main musical interest is (check one): (But | may always choose from any category) 


[] Hard Rock [] Soft Rock [] Jazz 
Robert Plant, Huey Lewis & The News, David Sanborn, 
Pat Benatar Steve Winwood Spyro Gyra 
О Pop/Easy Listening O Classical" 
Neil Diamond, Barry Manilow, Vladimir Horowitz, 
Johnny Mathis, Ray Conniff Yo-Yo Ma 
Mr. 
Mrs. 
Miss PrintFirsi ome ШП (етая None 
Address Apt. 
City = 
= h ҮСЕ? (04). O Y ON = 
o you have a VCR: l- es j No ; ; 
Do you have a credit сага? (ОЗ) C] Yes CI Ne MT7/F6 MTB/F7 


ЖОШ 


ht to reject ony application or cancel any membership. These offers not 
asko, Hawai, Puerto Rico; write lor details of alternative offer. Ca 
residents serviced from Toronto. Applicable sales tax added to oll orders. *Classicol members 
serviced by the CBS Classical Club. 


050/589 
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Auto 


motive Newsfront 


By DAN McCOSH Detroit Editor with David Scott and Herb Shuldiner 


French supercars 


Mondial de l'Automobile, a biennial 
car exhibition that alternates with the 
Frankfurt Auto Show in West Ger- 
many as the premier showcase of new- 
car technology and engineering in 
Europe, was not a blockbuster this 
time around, but it nevertheless pro- 
duced interesting glimpses into what 
the future holds for European—and in 
many instances American—drivers. 


22 | POPULAR SCIENCE 


Cream of the crop from the 
Paris Auto Show: Renault 
Mégane (above) points the 
way for large luxury sedans 
with its 122.5-in. wheelbase 
and doors that slide fore and 
aft for access. Peugeot showed 
off its Oxia (left), which is low 
and sleek. The Citroén Activa 
(below) features electronically 
controlled suspension, four- 
wheel drive, and four-wheel 
steering controlled by a drive- 
by-wire system. 


The main trend we observed at the 
show was actually similar to what is 
taking place here in the United States 
—more powerful cars from virtually 
all the leading European automobile 
manufacturers. 

Paris, obviously, is home turf for 
Peugeot and Renault. So it was natu- 


ral to expect these companies to de- | 


liver the biggest news at the show— 
and from the standpoint of visionary 
glitz they certainly succeeded. 


Peugeot unveiled two new surpris- 


| ing concept cars: the Oxia and the 


Citroén Activa. The Peugeot Oxia, 
named for a region on the planet Mars, 
nevertheless doesn’t look as if it’s from 
out of this world. Oxia’s lightweight 
composite skin is made of carbon and 
Kevlar aramid fibers in an epoxy resin 
matrix that has been bonded to an 
aluminum honeycomb structure. The 
midship-mounted 24-valve, twin-turbo 
2.9-liter V6 engine delivers 680 horse- 
power through Oxia’s six-speed trans- 
mission to a top speed of 186 mph, 
Peugeot claims. 

In addition, the car bristles with 
state-of-the-art technology: four- 
wheel steering, anti-lock brakes, and 
even a communications module that 1n- 
cludes a personal computer with a 
liquid-crystal display color screen and 
a floppy-disk drive. Even the air con- 
ditioning is controlled by computer, and 
it is powered by 18 solar cells when 
the car is stopped. 

Is the Oxia a competitor for the 
Porsche 959 and Ferrari F40 super- 
cars? Not likely in the near future, but 
you get the feeling that Peugeot's en- 
gineers enjoyed flexing their design 
muscle with a car that seems to say "I 
can run with anything in the world.” 

Peugeot's subsidiary Citroén has 
plunged into another category with its 
Activa concept car. The Activa is a 
glassy four-door four-passenger car 


that pushes four-wheel-steering and | 


suspension technology into new terri- 
tory. The sleek Activa's steering sys- 


tem allows the rear wheels to move 
Continued 


New! NRI course in 
Cellular Telephone 
Installation and 
Servicing prepares 
you to succeed in 


today's fastest-growing 
communications field 


Now you can get the skills you need to cash in on today’s 
booming cellular industry as you install and test your own 


state-of-the-art cellular telephone. 


Cellular business is big business! 


In the few short years since the first commercial cellular telephone 
system went on-line, over 1,000,000 people have signed up for service 
in more than 120 cities nationwide. Today, the industry is growing at an 


incredibly fast 4% a month, and experts predict that by 1991, at least 
85% of the United States will be 
covered for cellular service. Better 
yet, by 1993 total industry revenues 
will exceed $10,000,000,000—making 
cellular the fastest growing electronics 
communications field today. 

For you, that means extraordinary 
career and money-making opportunities. 
Get a fast start today with NRI’s hot new course 
in Cellular Telephone Installation and Servicing. 
бее how far you can go! 


Help wanted! Urgent demand for 
field technicians who can install and test 
new cellular telephone equipment! 


Get the skills, knowledge, and confidence to install and test 
cellular telephone equipment, and you can name your price in 
this exploding new job market. Cellular system developers, 
retailers, and service providers—all on the ground floor of an 
industry that's still so young and growing so fast—are all willing to pay 

a premium for anyone trained to service this brand-new equipment. 

Now, with NRI, you can take full advantage of every exciting 

opportunity in today s—and tomorrow's—booming field of cellular 
communications. 


Exclusive hands-on training includes high-performance 
mobile cellular telephone you keep 


Your NRI course starts with the electronics fundamentals you need to 
understand and service all telephone systems, then walks you step by 
step through the installation, troubleshooting, and repair of popular 
telephone systems in use today, 

But that s just the beginning. With a solid conventional phone 
servicing foundation behind you, you're ready to build your expert 
understanding of the cellular telephone systems moving fast into 
communities all over the U.S. 

Following complete, easy-to-read guidelines, you install a full- 
featured mobile cellular telephone in your own car, then take it 
through a series of diagnostic tests to become fully acquainted with its 
operating functions. Best of all, if you live in an area already offering 


Includes any 
full-featured — ^. 


mobile cellular 
telephone 
you keep! 


MEE 


MER 


10-digit luminescent display Cellular coverage, NRI will help you 


М with 24-digit number actually go on-line with up-to-date, 
B еи expert advice on choosing the best and 
<= most affordable cellular service available. 
Ignition ele? 
t tic turns © | | 
rer loni Umm Send for your FREE 
А off with car's catalog today 
m. ignition | 
= For all the details about NRI's 
Electronic lock exclusive new training, send the 
prevents — coupon today. You ll receive a 
pr xe complete catalog describing 
NRI's Cellular Telephone 


Installation and Servicing course 
22 memories plus NRI courses in other high- 


EB including tech, in-demand fields. 
gee a ا‎ If the coupon is missing, 


write to NRI School of 
Super speed Electronics, McGraw-Hill | 
dialing and 1 Continuing Education Center, 
digit recall 4401 Connecticut Avenue, 
Washington, DC 20008. 


Send Coupon Today For me Catalog! 


| IMP School of Electronics 
McGraw-Hill Continuing Education Center 
| 4401 Connecticut Ave, Washington, DC 20008 


М CHECK ONE CATALOG ONLY 
| L] Cellular Telephone 

O Computer Electronics 
| L] TV/Video/Audio Servicing 
| [Г] Electronic Music Technology 


O Data Communications i 
L] Security Electronics | 
[] Robotics | 
LJ Basic Electronics | 


| Name. == Аре 
| street 


| ЕЕЕ р 
| Accredited by the National Home Study Council 142-019 


Automotive Newsfront con 
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| Audi's new 32-valve V8 power plant 
will be fitted to the current 100/200 
body and is expected to debut this fall 
in Europe. The aluminum engine de- 
velops 250 hp at 5,800 rpm and 250 
lb.-ft. of torque at 4,000 rpm. 


up to 30 degrees at parking speeds. 
Theres no mechanical link between 
the steering wheel and the road wheels; 
instead, Activa relies on an electronic 
"steer-by-wire" system. À computer 
transmits steering input to individual 
motors, which turn each road wheel 
according to the position of the steer- 
ing wheel. 

Activa doesn't have a true active 
suspension, but the sophisticated elec- 
tronics instantaneously adjusts the hy- 


* о. еч "T= ATA А 
ee gms re Bi, asd те к „= | al اک‎ = 
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PHOTO BY HIDDEN IMAGE 


draulic suspension. The ride height of 
the Activa can be selected by the driver 
or is maintained automatically by a 
computer. The driver can also select a 
firm suspension. The car has a stabi- 
lizing system that is controlled by a 
computer that processes sensor infor- 
mation about wheel position relative 
to the body. Hydraulic cylinders at each 
anti-roll bar are controlled by a hydrau- 
lic distributor to prevent body roll 
while cornering, regardless of speed or 
angle of the curve, Citroén says. 
Renault's Mégane is a luxury-length 


The four-door Isuzu Trooper in 
the spy photo above is expected 
to arrive as a 1990 model. It 
could be powered by a GM 2.8- 
liter V6, replacing the current 
four-cylinder unit. The next- 
generation Trooper is less boxy, 
lower, and wider than today's. 
This sleek full-size rear-wheel- 
drive car (left) is the likely re- 
placement for the current Chev- 
rolet Caprice. Styling seems 
more aerodynamic and in- 
cludes rear fender skirts. 


Belge ee АГ 
M Быны к= лы ЕА Ч 


Available only in Europe at this time, 
the redesigned 1989 BMW M5 has a 
slightly larger in-line six-cylinder en- 
gine that is good for 315 hp in West 
Germany with a catalytic converter. 


aerodynamic dream car. The four- 
seater has a slippery 0.21 coefficient 
of drag. Four sliding doors make get- 
ting in and out easy, and the front seats 
pivot to make entry and exit easier—a 
feature reminiscent of some big Gen- 
eral Motors cars in the 1970s. The driv- 
er's seat pivots up to 60 degrees, while 
the front passenger seat can turn a full 
180 degrees to face rearward. The 
spacious rear seats recline and have 
footrests. 

Mégane offers loads of engineering 
innovations too. The car 1s equipped 
with a "dual-mode" gearbox. À switch 
just to the right of the car's steering 
wheel lets the driver choose either au- 
tomatic or manual gear changes; in 
manual mode the driver selects the 
drive gear by moving the gear selector 
stalk. 

Mégane has all-wheel drive and four- 
wheel steering. In the event of a tire 
puncture, the Mégane's Michelin tires 
can “run flat.” A foam contained in the 
tire expands, filling the hole and main- 
taining pressure at 18 psi. The car can 
be driven at up to 75 mph for about 60 
miles. Other innovations include a nav- 
igation system, mini-refrigerator/bar, 
and two overhead video screens for 
rear-seat passengers. One unique fea- 


| ture is a pull-out tray for the trunk 
| floor to ease loading and unloading of 


cargo and baggage. 


Audi engine entry 


One of the first of a new generation of 
small-displacement V8s, Audi's 3.6- 
liter power plant was exhibited at the 

Continued 
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A rear-wheel anti-lock brake system 
might be unexpected in a compact van. 
But is now:standard in the advanced 
Chevy® Astro. 

On wet or icy roads especially, you ll 
feel good having a Tearhwheel anti; lock” 2 


Yes, vou can. Chevy Astro. 


Жу 


brake system designed to help you make fast, 
stable stops. For all the driving, stopping and у 
living your family does, Chevy Astro is the 

van that can. st 


© [988 General Motors Corporation. All Rights Reserved. 
Lets get it Реге ‘buckle Up. 


OF AMERICA EUR. TODAY'S CHEVY TRUCIC 


= 
Joy 1 Giving the Very Best 

Remember those few times when you 
came up with the perfect gift? The recipient 
was so overwhelmed he kept asking how you 
knew... 

That's the effect Passport and Escort 
have on drivers, because drivers know what 
the experts say about radar detectors. 

Car and Driver has tested radar detec- 
tors six times in the last ten vears, and we ve 
come out on top each time. In 1987 thev 
even called us "the leader of the radar detec- 


Ф 
јуд The Exclusive Source 

We designed Passport and Escort, we 
make them in our factory in Cincinnati, and 
we sell directly to you. Not through stores. 

Our direct connection to you assures 
fast response on orders, оп questions, and on 
repairs, We take care of everything. 

As a gift giver, vou benefit even more. It 
will be obvious you cared enough to seek out 
the exclusive source. And there's no chance 
the recipient will see Passport and Escort 
in the after-Christmas clearances. 


Overwhelm you 


Five reasons this season fc 


at 
Joy9 Incredibly Easy Shopping 
Just call us toll-free (1-800-543-1608). 
You ll avoid traffic jams, parking hassles, pushy 
crowds, and long lines. 
Instead you'll find a friendly radar expert 
who can answer any questions you may have. 


Just pick up the phone. 


If you order before 5:00 PM eastern time 
Monday through Friday, we ll ship your pack- 
age the same day. A gift box is available at no 
— - extra charge, and we pav for 


. gift is as sure to please. 


tor industry. And Road & Track has rated 
us the leader in detector technology. 
For the driver on your list, no other 


uu шы 


Paris show. The 32-valve 250-hp en- 
gine has been fitted to the new Audi 
chassis called D-class, which shares 
some body parts with the 100/200 plat- 


for the new luxury sedan, which goes 
on sale in Europe later this year for 
about $50,000. It’s the first V8 luxury 
car with full-time four-wheel-drive. 


i реге Р 
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Automotive Newsfront Continued 


form. A top speed of 145 mph is claimed | 


A spy photographer caught this Alfa Romeo 164 
decked out with additional air dams and a rear wing 
on the trunk lid during prototype testing. The car, 
which will arrive in the United States this fall, will 
be powered by a three-liter V6, rated at over 200 
hp. Estimated price: between $25,000 and $30,000. 


Paris picks 


The show also saw the debut of several 
noteworthy cars that are not expected 
to be exported to the United States: 
ө The Bertone-designed Dutch-built 
Volvo 440 is an impressive looking 
five-seat front-driver, but the car will 
not be exported to the United States 
because Volvo thinks 
the car would be too ex- 
pensive for its category. 
€ General Motors’ 
European J-body cars, 
the Opel Ascona and 
Vauxhall Cavalier, are 
replaced this season by 
the Opel Vectra (which 
will still be called the 
Vauxhall Cavalier in 
England). The sleek 
(0.29 coefficient of drag) 
Vectra will come in both 
notchback and hatch- 
back models with en- 
gines ranging from 1.4 | 
to 2 liters in displace- | 
ment. A four-wheel- 
drive model will also be 


PHOTO BY HIDDEN IMAGE 
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m s delivery by UPS. (If vou re 
| really in a hurry, see Joy #4.) 
4d "dL Call toll free. . 


ШШЕ 1-800-543-1608 


available. GM has high hopes that the | 
Opel Vectra will help vault it ahead 
of Ford Motor Co. in European sales 
this year. 


Four eyes 


Back at home, spy photos of a proto- 
type Ford Tempo show an experimental 
four-lamp headlamp system developed 
by GTE Corp. The Tempo's new head- 
lamps feature four individual pop-in, 
self-contained units that look some- 
thing like a flashcube on a low-cost 
camera. 

The alternate headlamps have been 
tested for several years on other cars, 
including early prototypes of Chrysler's 
new Laser, but have not yet hit the 
market in a production car. The four 
headlamps’ low profile is popular with 
designers, but federal approval is 
needed before the lamps can be used 
on the highway. 

Otherwise, the rest of the Tempo has 
been worked over by the stylist's pen. 
Tempo's hood takes on a more sloping 
smoothed look, and the steering wheel 
has been modified to accommodate a 


Order Today ~ 


TOLL FREE...1-800-543-1608 P 
(Mon-Fri 8am-llpm, Sat-Sun 9:30-6 EST) 99 


= ирст 


DARK 
POWER: 


MITE 


ШҮ | — 


cort and Passport 


By mail send to address below. All 
orders processed immediately. Prices 
slightly higher for Canadian shipments. 


‘4 You Can Have It Tomorrow 
We know that sometimes the holidays 
sneak up, and waiting even a few days for 
JPS truck is waiting too long. But here's 
solution: 

Through a special arrangement with 
ral Express we can offer their overnight 


x 

јоу ў Satisfaction Guaranteed 
Here's the best joy of all: Passport and 

Escort are guaranteed to please. Quite simply, 

if for any reason you re not satisfied within 

the first 30 days, just return your purchase. 
We'll immediately refund all your money 

and all your shipping costs. There are no 


Pocket-Size Radar тенге 68И 
$295 ( Ohio residents add $16.23 tax) 


RADAR WARNING RECEIVER 
SSS 


very for only $10. Just call us before 8:00 PM hidden charges. Passport and Escort are also 
егп time, Monday through Friday, and your covered by a full one year limited warranty. The Classic of Radar Warning 


cage will arrive the next day. 

If you're a last-minute 
рег, you've come to 
right place. 


We've been delivering on these 
promises for over ten years. Call 
now апа see how easy а. | 
gift-giving can be. | | 


B (Ohio residents add $13.48 tax) 


Cincinnati Microwave 


Overnigh deliver by 


Federal Express is only Ho 


hub-mounted safety air-bag restraint 


system. 


Not older, better 


A study conducted by General Motors 
pinpoints some of the problems driv- 
ers have as they age—a growing con- 
cern among many automotive engin- 
eers as the driving population gets 
older. 

Poor near-distance vision, difficulty 
distinguishing the color blue, poor 
night vision, and the loss of grip 
strength are among the natural side 
effects of aging, according to the study. 

The results are expected to influence 
| theshape offuture auto design, includ- 
ing the layout and color of instrument 
panels. 

The new head-up panel displays, 
which can be viewed without refocus- 
ing the eyes from a distance, are just 
one aspect of new technology that 1s 
encouraged by studies on aging. An- 
| other aspect is the reduction of head- 


light glare at night through the re- | 


design of both day-night mirrors and 
| headlamps. 


Сї? bax available 
at no extra charge. 


M5 muscle 


| design, the M5 has a 


BMW’s M5 debuts here 
in October, when it will 
be released as a '90 mod- 
el. It's an all-new car 
based on the redesigned 
5-Series platform. Be- 
sides an all new body 


more-powerful 24-valve 
in-line six-cylinder en- 
gine that BMW claims 
rockets the coupe from 
0 to 62 mph in 6.3 sec- 
onds. Àn electronic fuel 
cutoff takes effect at the 
car's estimated top 
speed of 155 mph. The 
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| version for the Ger- 


man market carries a horsepower rat- 
ing of 315. The 1988 M5, still avail- 
able here, has a 256-hp engine—30 
hp less than the 1988 European M5 
engine, which did not come equipped 
with a catalytic converter. (West Ger- 
many is presently phasing in both the 
use of catalytic converters and un- 
leaded gasoline; some cars are avail- 


P» Department 601619 
One Microwave Plaza 
Cincinnati, Ohio 45249 


© 1988 CMI 


This ouvert vilis of a future Ford qo shows it 
taking on the appearance of a slightly smaller Tau- 
rus model. Four 1*4 in. bulbs, made by СТЕ, replace 
single headlamps. 


able with or without a converter.) But 
BMW’s 1989 M5 engine in Europe will 
only be offered with a catalytic convert- 
er so there might be less of a horse- 
power and performance gap with the 
U.S. model. Yet with this performance 
capability, the car has all the elegant 
features of a luxury sedan. And for an 
expected $50,000 it should have. 
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NEW FREE BOOK 
DISCUSSES 


HOWTO 
SELL YOUR 


Do you have an invention you intend 
offering to manufacturers on a sale or 
royalty arrangement? If so, by all 
means write for our free booklet as a 
guide, whether you do it yourself, or 
employ us to help you. 

It’s free for the asking and here are 
just some of the subjects it covers. 

* How to Describe Your Invention so 
Manufacturers will take Notice 

* The Next Step to Take if a Manufac- 
turer Shows Interest 

* Approximate Royalty Rates Man- 
ufacturers are Currently Paying 

* [f Your Invention is Sold Outright 
for Cash 

* Or, Part Cash, Part Royalty 

e Submitting Your Invention Before 
Patenting 

Our reason for giving away information 

we've gathered over our 26 years in this 

business is simply that we hope you 

read it and employ us at our reasonable 

fee rather than do it yourself. But that 

will be for you to decide. 

But understand, we are not promot- 
ers, developers, brokers. Ours is a tech- 
nical service of writing descriptive 
materials for your invention and select- 
ing the right manufacturers who poten- 
tially should be interested in it. The 
materials we prepare are your property. 

We are not patent attorneys. For 
queśtions relating to proprietary rights, 
searches, patentability, you should con- 
sult a Registered Patent Attorney. 

But back to the booklet. We want you 
as a client but only if, after reading it, 

ou think you need us. Otherwise the 
piel will show you how to do it your- 
self. 

Use the coupon below. We'll rush the 
booklet to you. No obligation whatever. 
(But please no drawings or models at 
this point.) 

REFERENCES: Your own bank, at- 
torney or Chamber of Commerce. 

Mail the coupon Today. Please en- 
close $1 for postage and handling. 


Kessler Sales Corp.,Dept. D-71 Fre- 
mont, Ohio 43420. 

ч MAIL THIS COUPON ч 
Е Mr. К. O. Kessler, President q 
Wy Kessler Sales Corporation p 


Dept. D-71 Fremont. Ohio 43420 
Please mail me the FREE booklet explaining L 
how to go about selling my invention. This f 
does not obligate me in any way. I am enclos- 

ing $1 for postage and handling. so rush the й 
booklet by return mail. 
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Looking Back... 


Sampling a century of POPULAR Science 


JANUARY 1889 


“This is a very wonderful 
~ age,” the editor reflected 

TEARS ASO in the section of the mag- 
azine called, appropriately, the Editor's 
Table. ^We may with good reason con- 
gratulate ourselves that science has 
now reached a point that insures to the 
human race an ever-increasing mas- 
tery over the powers and resources of 
nature. Churches are now protected by 
lightning rods against random thun- 
derbolts, just as the clergy, in common 
with other classes, are protected by vac- 
cination against small-pox. The elec- 


JANUARY 1939 


"Aboard a big airplane 
YEARS AGO droning over New York 

City, aeronautical engi- 
neers and news reporters witnessed the 
tryout of an instrument brand-new to 
aviation. Called a radio altimeter, it 
registers the exact height of an air- 
plane above the ground. The new in- 
strument consists of a transmitter that 
directs radio waves to earth, a receiver 
that catches them as they bounce back, 
and a timing device that clocks the 
time required for the round trip. The 
new instrument warns the pilot of a 
fogbound plane if he is approaching a 
mountain peak at a dangerously low 
altitude, while an altimeter of the stan- 
dard barometric type simply shows how 
high a plane is flying above sea level." 


> 


JANUARY 1964 
“Zero for 14—that’s the as- 
eal tonishing record of U.S. at- 
V Au tempts to send unmanned 
spacecraft to the moon. Nine Pioneer 
spacecraft and five Rangers have been 
unsuccessful in various ways. So there's 
a lot riding on Ranger 6, due for launch 
early this year. 

"After Ranger 5's failure in 1962 the 
spacecraft has been largely redesigned. 
Ranger 6 has only one job—taking 
pictures—and it requires a minimum 
of maneuvering to carry out that mis- 
sion." As it turned out, the craft col- 
lided with the moon on-target, but 
with an inoperative camera package. 
Ranger 7 finally got the picture. 
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trical telegraph has been in use for 
business purposes for half a century. 
The rate of transmission at the outset | 
was five words a minute; today it is 
600. 

"Every year sees some increase of 
efficiency or diminution of the cost of 
the admirable electric system of light- 
ing. Forthe working of street-railways, 
electricity will carry the day in the con- 
test with horse-flesh. We have electric 
welding, electric fire alarms, and frost 
alarms, electricity as a curative agent, 
and electricity as a substitute for exe- 
cution by hanging." 
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FREE when you join the 
Evectragnics Book Ciue ! 


15 Easy Electronic Projects 
from Delton T. Horn 


Projects you can build—some unique, 
some old favorites—from the author’s 
vast treasury of electronics know-how. 


Membership Benefits « Big Savings. in addition to this introductory 
offer, you keep saving substantially with members’ prices of up to 50% off the 
publishers’ prices. + Bonus Books. Starting immediately, you will be eligible for 
our Bonus Book Plan, with savings of up to 80% off publishers’ prices. * Club 
News Bulletins. 14 times per year you will receive the Book Club News, describ- 
ing all the current selections—mains, alternates, extras—plus bonus offers and 
special sales, with hundreds of titles to choose from. • Automatic Order. If you 
want the Main Selection, do nothing and it will be sent to you automatically. If 
you prefer another selection, or no book at all, simply indicate your choice on the 
reply form provided. As a member, you agree to purchase at least 3 books within 
the next 12 months and may resign at any time thereafter. * Ironclad No-Risk 
Guarantee. lf not satisfied with your books, return them within 10 days without 
obligation! * Exceptional Quality. All books are quality publishers’ editions 
especially selected by our Editorial Board. Р5-189 


All books are hardcover unless numbers are followed by a “P” for paperback. (Publishers' Prices Shown) 
© 1989 ELECTRONICS BOOK CLUB*, Blue Ridge Summit, PA 17294-0810 
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Electronics Newsfront 


By DAWN STOVER 


Pocket computer 
Peep! Peep! The faint chirping sound 


| was coming from my briefcase, which | 


held an electronic organizer weighing 
about half a pound. When I glanced 
inside the organizer, which opens like 
a book but is smaller than most paper- 
backs, І saw a message: “9:30 a.m. 
planning meeting.” The screen, which 

displays eight lines of 16 characters 
| each, also told me that Га set an alarm 
| for 9:25—leaving myself five minutes 
to refill my coffee cup. 

The appointment reminder is one of 
the handiest features on Sharp Electro- 
nics Corp.’s 0Z-7000 organizer. Called 


the Wizard, it’s made with “Larry the 


Lugger” in mind, says Paul Allan, as- 
sistant general manager for Sharp's 
Personal Home Office Electronics Di- 
vision. “ You know the guy. Нез got two 
briefcases. One looks like a major ap- 
pliance; the other one’s bulging with 
papers.” The Wizard will lighten Lar- 
ry's load, Allan says. “He can run to 
his appointments and carry his office 
with him—inside his jacket pocket!” 
The Wizard stores the equivalent of 
16 pages of notes (although typing is 
slow because keys are arranged alpha- 
| betically). With the proper cables, it 
can print memos and schedules or ex- 
change data with another computer. 
| The $300 Wizard has 32 kilobytes 
of memory; Sharp plans to introduce 
integrated-circuit cards making it ex- 
pandable to 96 kilobytes. Cards on the 
market include a Thesaurus/ Dictio- 
nary, a Time/Expense Manager, and a 


NEC's UltraLite lap-top computer weighs only 4 Ibs. 


| and fits easily into a slim briefcase. 
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The Wizard replaces your calendar, directory, memo pad, and calculator. 


Language Translator. They slide in be- 
neath a touch-sensitive screen. 


Lightweight freight 


| "We've been talking about ‘pushing the 
| envelope, 


23 


says Tom Martin, assis- 
tant vice president of the computer 
business unit for NEC Home Electron- 
ics. "Why dont we take a look at what's 
inside the envelope?" 

Martin reaches into a 9-by-12-inch 
manila envelope and 
pulls out... a comput- 
er. At four pounds, the 
UltraLite is the lightest 
lap-top yet. And it has 
90 percent of the power 
of the original IBM-AT, 
says Martin. 

A silicon hard disk 
holds either one or two 
megabytes of data, and 
software is stored on 
read-only-memory 
cards. 

The price you pay for 
portability (besides the 
$2,999-and-up sticker) 
is a short battery life— 
a little more than two 
hours. Full recharging 
takes seven to eight 
hours, and you can't re- 
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| move the battery to insert a spare. 


"Most domestic flights are less than 
two hours," an NEC spokesman ex- 
plains. Maybe so, but I waited three 
hours fo board for my last flight. 


Greatest hits 


Market research indicates that saving 
money isnt the main reason consum- 
ers make their own audio tapes. More 


| important motives are to get better 


fidelity and to mix favorite tunes from 
different albums. To reduce home tap- 
ing, Personics Corp. of Menlo Park, 
Calif., has introduced a system that 
lets consumers manufacture their own 
tapes in record stores. 

A few stores already have "libraries" 


| of up to 15,000 songs. They're encoded 


on optical discs using Delta Link, a 
data-compression method that allows 
high-speed duplication. 

Customers select the titles they 
want, pay about $1 per song, and wait 
a few minutes while their choices are 
recorded on TDK high-bias tape. The 
system even prints personalized labels 
and keeps track of royalty payments. 


Carry-on projector 


Salespeople who need to display wall- 
size images ordinarily use cathode-ray- 
Continued 


You've got 
the whole 
world in 
your hand... 


With Radio Shack’s Low-Cost, 
Cellular Mobile Phone. 


Start Enjoying the Benefits of the Affordable 
CT-101 Today. Now you can make and take 
telephone calls wherever there’s cellular ser- 
vice. You can stay in touch going to and from 
work, on a service call, at a job site or making 
a delivery. You'll be able to confirm meetings 
and reservations in advance to avoid wasted 
trips, as well as receive important messages 
from home, office and clients. 


Includes the Features and Power You Need. 
The CT-101 has a backlighted display and key- 
board, a 98-number memory, and a handsfree 
speakerphone to make or take calls without 
lifting the handset. The 3-watt output gives 
you maximum range. The CT-101 also has 
832-channel capacity now being used in some 
cities. You can even install the CT-101 your- 
self. All controls are located on the handset 
which mounts conveniently on floor or dash. 
The CT-101 is Not Just for Business. Because 
you can transfer the CT-101 quickly from work 
car to family car, your loved ones will never 
have to drive alone again. If help is needed, 


Тезей u елаш. a the police, a tow truck, a doctor or mechanic 
- Yourself! - VAS 2 us are just an in-car phone call away. 

| н. deet Aie ш! ` T | Backed by Quality Service and Support. The 
andse oun : - CT-101 is backed by our One-Year Limited 


S Conve ienth n | | ! А 
анаа Warranty, with service available through 


| Floor ог Da Radio Shack stores and dealers nationwide. 
| нен Сан а: 7 Best of all, Radio Shack obtains your personal 
_ Mounts Easil e Ж | и cellular phone number, programs your phone 
| . Under Dash l tm "h and handles all the activation paperwork. The 
or r Seat, p : CT-101 (417-1075) is only $799.00, or as low as 


$40 a month*. Come in today for a no-cost, 
no-obligation demonstration. 


Radio Shaek 
*Radio Shack revolving credit. Payment may — depending upon 


balance. Price applies at participating Radio Shack stores and dealers. The Tech nology Gtore" 


Mobile cellular antenna sold separately. 
A DIVISION OF TANDY CORPORATION 


* Pioneer Trim Package, 


i * 4.0 Litre Power-Tech Six, the most 
Comanche Option Group powerful engine in its class silver styled steel wheels, 
* Manual 5-Speed Overdrive Transmission and P215/75R15 outline 
Discount 2WD ALN * Intermittent Wipers white letter tires 


* 4.0 Litre Power-Tech Six * Intermittent Wipers 
bites Option Groto * Manual 5-Speed Overdrive Transmission * Dual Remote Mirrors 
AWD N * Pioneer Trim Package, silver styled * Gauge Group 
A | steel wheels, and P215/75R15 outline 
Discount white letter tires 


Comanche Option Group . Pioneer Trim Package including | . Misure Wipers 
С + | irrors 


silver styled steel wheels and P205 black 


Discount 2WD ALM sidewall tires 


* Pioneer Trim Р , : 
rim Package including * Intermittent Wipers 


Comanche Option Group | silver styled steel wheels and P205 black 
Discount 4WD ALM : Dual Mirrors 


With savings like these, you don’t have to 
buy an ordinary pickup. You can drive an 


American Legend. Jeep Comanche. 
For more information, call 1-800-JEEP-EAGLE. 


* Protects 1989 models engine and powertrain for 7 years or 70,000 miles and against outerbody rust-through 
for 7 years or 100,000 miles. See limited warranty at dealer. Deductibles and restrictions apply. 


**Savings based on sticker price of option group compared with options 


purchased separately. Jeep is a registered trademark of 
Jeep Eagle Corporation. Buckle up for safety. 
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| tube video projectors with three con- 
verging beams (red, green, and blue) 
| that work like projection televisions. 
| Unfortunately, these projectors are 
often too big to take on the road, and 


the beams have to be readjusted each | 


time the machine 1s moved. 


Eastman Kodak's LC500 video pro- | 


jector will fit under an airline seat. It's 
a little smaller than a VCR and weighs | 
only 13 pounds. And Kodak claims it's 
as easy to use as a slide projector. 
"The projector can be moved back 


1/4" DRIVE 


REPLACES 18 
SINGLE SOCKETS 
3/16" THRU7/16" 
5 mm THRU 11 mm 


2 NOR MORE NEED for an army of individual 
sockets. These three CHANNELLOCK 
 Adjustables replace 39 individual Sockets, 


| both standard and metric sizes. Precision | 
` made of high grade forged steel, they | 


carry a LIFETIME GUARANTEE. 


3 8 905 ا‎ "and No. 906 ND-3/8" 
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| grip. 


^ HANDICARRY KIT 
È e CHANNELLOCK 906 
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and refocused in a few seconds,” says 
Charles F Wilkinson, marketing direc- 
tor for Kodak’s Motion Picture and Au- 
diovisual Products Division. “The video 
information is separated into its red, 
green, and blue components. The three 
signals are supplied to three liquid- 
crystal-display arrays, then recom- 
bined using mirrors, and projected as 
a single beam.” 

The picture produced by the LCDs 
doesn't match that of a CRT display. 
You can see the individual pixels, so it 
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- Meadville, РА 16335 


looks as if you're gazing through a 
screen. But there's no comparison in 
price either: The LC500 costs $3,500 


| while CRT projectors sell for two or | 


three times that amount. 


Fun from afar 


You no longer have to sit tangled in 
wires with your nose pressed to the 
screen to play video games. Now you 
can control the action from the other 
side of the room. 

The Freedom Stick sends infrared 
signals to a video monitor so wires (and 
eyestrain) don't interfere with your 


game. Developed in Canada by Cam- 


erica Corp., the joy stick has an auto- 
matic rapid-fire switch and is compat- 
ible with Atari, Commodore, Nintendo, 
and other systems. It sells for $70. 


Full-function lap-top 


Compaq Computer Corp. has unveiled 


its long-awaited lap-top—the SLT/286. 


It's the first lap-top with the high- | 


resolution VGA graphics found on some 


desk-top computers. The computer uses | 


Intel Corp.’s new 80C286 chip, which 
is faster and consumes less battery 
power than the 80286 chip. The re- 
placeable nickel-cadmium batteries 
last three hours. 

One other feature that makes this 
lap-top stand out in a crowd: Its 82- 
key keyboard, compatible with soft- 
ware written for a 101-key configura- 


| tion, is detachable. The 14-pound SLT/ 


286 has a 20-megabyte ($5,399) or 40- 
Mb ($5,999) fixed disk drive. В 


Radon Monitoring 


Survivor 2...short and = term protection for your home. 


RADON is the radioactive decay 
product from uranium and radium. 

e According to EPA estimates, 
radon causes between 5,000 
and 20,000 lung-cancer deaths 
a year. 

e Of the more than 15,000 homes 
tested by the EPA in the last two 
years, about one fifth had levels 
above 4 picocuries per liter. 

e The EPA estimates unsafe levels 
of radon gas are in as many as 
8 million homes in the United 
States. 


With statistics like these, don't you 
want to protect your home from 
the dangers of radon gas? 


Radon is odorless and colorless. 

It varies from season to season. It 
varies from neighborhood to neigh- 
borhood. It can even vary from 
your home to the home next door. 


Why Continuous 
Monitoring? 


It is estimated that the average 
radon level changes as much as 


=) | = 


60% from season to season, while 

a simple change in the barometric 
pressure can change the level of 
concentration to at least five times 
the average level. 


Now you can have CONTINUOUS 
monitoring of your environment for 
day to day changes in radon levels. 
SURVIVOR 2 will give you a continu- 
ous instant LCD readout of the level 
of radon in the last 12 hour period, 
or the last 365 days. Long term moni- 
toring of your environment with 
SURVIVOR 2 will give you the aver- 
age level of radon. The typical 
charcoal canister will only give the 
highs and lows from a one or two 
week period. 


Simple to Operate 


SURVIVOR 2, with its micropro- 
cessor controlled features, is simple 
to operate. In the 12 hour mode, 

а bi-color LED gives you a green 
light if the average radon level 

is below four picocuries per liter 
(which is the level recommended 


© 1988 Threshold Technical Products 


by the EPA), or it automatically 
changes to red and begins to flash 
when the level is equal to or ex- 
ceeds that EPA recommended 
level of four picocuries. By using 
the MODE switch, SURVIVOR 2 will 
display the average level of radon 
in the last 12 hours, or it will display 
the average level for the last year. 


Satisfaction Guaranteed 


Try some peace of mind at no risk. If 
you are not completely satisfied, re- 
turn it within 30 days for a complete 
refund. Of course, SURVIVOR 2 is 
backed by a one year limited 
warranty on both parts and labor. 


How to Order 

By Phone: Call us toll free. A 
member of our sales staff will be 
glad to answer any questions and 
take your order, (Please have your 


VISA OR MASTERCARD available 
when you call.) 

Call Toll Free 800-458-4931 
In Ohio Call 513-530-5242 
(Call Collect) 


By Mail: Send your name and com- 
plete address, daytime phone num- 
ber, and how many SURVIVOR 2s 
you wish to order. Please enclose 

a check, money order, or card 
number and expiration date from 
your VISA or MASTERCARD. 


SURVIVOR 2 $295.00 
(Ohio residents add 54% sales tax) 


Charter Member of American Radon Association, Inc. « Radon e Radon • Radon • Radon e Radon • Radon « Radon • Radon e Radon 


Threshold Technical Products r | 
Department 698 ced SURVIVOR & 


7225 Edington Drive Cl 
Cincinnati, Ohio 45249 MADE IN AMERICA 


TO BUILD = 


hsp 


, ln й "Uu ¥ У 
TED 


+ 4570. $32.95 
(counts as 2) 178. $29.95 


BOOK CLUB 


A Service of Grolier Book Clubs, Inc. 
P.O. Box 1767, Danbury, CT 06816 
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The Number One Do-It-Yourself Book Club 
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* 4508. $29.95 


The #1 DO-IT-YOURSELF BOOK CLUB 
The Best How-To Authority...Popular Sci- 
ence Book Club is the largest and oldest special- 
interest book club serving successful do-it- 
yourselfers for more than 25 years! 
The Best Do-It-Yourself Books...PSBC edi- 
tors comb the country searching for the 
newest, finest and often hard-to-find books 
on todays important homeowner subjects: 
HOME REPAIR & IMPROVEMENT • HOME 
REMODELING, RENOVATION e RESIDENTIAL 
CARPENTRY • BASIC & ADVANCED WOOD- 
WORKING • HOME WORKSHOPS * HOUSE 
BUILDING « HOUSE WIRING, PLUMBING, 
HEATING, MASONRY & CONCRETE * APPLI- 
ANCE REPAIR and much more. 
Exclusive ''Popular Books"... 
PSBC serves its members best by commission- 
ing the top how-to writers-photographers to 
produce definitive books on important Club 
subjects. See titles with x. These are cream- 
of-the-crop, do-it-yourself books available 
nowhere else at Club discount. 

Big Bargains—UP TO 75% DISCOUNT ... 
PSBC cuts prices on hundreds of special book 
bargains offered throughout the year to the 

j membership. 

[dy y MLA . Quality Production Control . ..PSBC selections 
AM N are printed with careful attention to detail on 

X. ) paper, printing, binding. You'll use these books 

^ for years! 

NO-RISK GUARANTEE...PSBC guarantees 

your complete satisfaction — or you may re- 

turn the books at our expense. 
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gives you instant answers to hun- 
dreds of do-it-yourself questions 
on Woodworking, Joinery, Dowels, 
Veneers, Laminates, Fasteners, 
Sharpening, Grinding, Concrete, 
Electrical work, more! 48 big 
vi) 8x 1034 pages. All illustrated! 
Super handy and indispensable. 


5858. $39.95 


сепсе BOOK CLUB WORKS 


ENJOY SAVINGS UP TO $104.90 NOW... When you 

take any 3 selections here for just $4.95 plus delivery 
and handling. Simply indicate your choices on the 
attached postage-free card and mail. 

CLUB MEMBERS’ BULLETINS... Fifteen times a year 
(about every 4 weeks), you'll receive a Club Members’. 
Bulletin package describing the coming Main Selec- 

tion and nearly 100 additional books you may choose 

from. If you want the Main Selection only, do nothing; 

it will be sent to you automatically. If you want another 

book—or no book—indicate your wishes on the form 

provided and return by date shown. You will always 

have at least 10 days to do this. Should the bulletin 

arrive late and you receive an unwanted selection, you 

may return it at our expense. 


UP TO 75% DISCOUNTS... Club prices range from 

$5.99 for special book bargains offered at super sav- 

ings up to 7596 and even more . . . all the way to richly- 
produced, very special books that list as high as 

and more — all offered to members at exclusive Club 
discounts. | 
FREE GIFT with cancellation privilege... You may | 
cancel your membership at any time after buying just | 
two more selections of your choice within a year. To | 
try us with no obligation, simply mail the attached 
card — a valuable FREE GIFT is yours to keep just for 
looking. Mail the card now! 
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Handling maneuvers on the | 
test track demonstrate that Mimi 
the Buick Regal (top) withthe x 
special Gran Touring suspen- | 
sion package still exhibits a 
lot of body roll. The Thunder- 
bird (above), also with heavy- 
duty suspension options, cor- 
ners flat and firm. The toe-in 
control built into the Thunder- 
bird's rear suspension also 
helps reduce tail slide. 


“. 
TE. 
AVE 


SE 
л ا‎ tthe 


za. 
=. 


$ = АМА 


Цна. гае nei 
a m 


hether Ford's new Thunder- 
bird Super Coupe advances 
| the state of the automotive 


art or is 25-year-old technology de- 
pends on your point of view. 

This latest version of Ford’s longest- 
running automotive play sticks with 
rear-wheel drive and gives the wheel- 
base a limousinelike stretch while 
shortening the overall length of the 
body. The fully redesigned Thunder- 
bird is powered by a mildly dated 
3.8-liter V6, offered with a belt-driven 
supercharger on the Super Coupe 
—another example of technology re- 
trieved from the past. 

The result is a rear-drive mid-size 
sporty coupe that defies direct com- 
parison. It is larger and heavier—but 
considerably less expensive—than the 
state-of-the-art car in this category, 
the front-drive Acura Legend Coupe. 
The contrast is even more dramatic 
with General Motors’ front-drive GM10 
coupes. 

To discover how the Thunderbird 
Super Coupe stacks up against its top 
competitors, POPULAR SCIENCE tested 
it with the Acura Legend Coupe LS, 
plus a 2.8-liter V6-powered Oldsmobile 
Cutlass Supreme International Series, 
and a 3.1-liter V6-equipped Buick 
Regal Gran Sport Coupe—GM's lat- 
est two-door offerings. 
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Ford's new rear-drive supercharged Thunderbird Super 
Coupe enters a field of sporty coupes heavily populated by 
front-wheel-drive cars. POPULAR SCIENCE tests Ford's latest 
entry against the Oldsmobile Cutlass Supreme, Buick Regal, 
and Acura Legend. 


By DAN McCOSH Detroit Editor 
Photos by John B. Carnett 


With the introduction in 1988 of 
General Motors’ new generation of 
mid-size coupes, GM engineers chose 
to maximize interior room by replac- 
ing an outdated rear-drive live-axle 
chassis with a new lightweight front- 
drive platform. 

Ford, on the other hand, gambled 
on the side of roominess and comfort 
by deliberately adding size and weight 
to a car that had been enjoying a 


LE 


mild reputation as a "driver's car 
—particularly in the limited-edition 
Turbo Coupe version now displaced by 
the new supercharged Super Coupe. 
This leaves the Thunderbird and its 
sibling, the Mercury Cougar, as the 
heavyweights among mid-size coupes. 
The cast-iron block engine, new inde- 
pendent rear suspension, and length- 
ened chassis make for a mix that 
weighs in at 3,913 pounds—400 


pounds heavier than the car it re- 
places. The Buick Regal tips the scales 
at 3,373 pounds, while the Olds Su- 
preme weighs 3,278 pounds, which 
leaves the 3,181-pound Legend appear- 
ing light in comparison. 

The power plants in the four cars 
vary considerably both in size and 
philosophy, but all are V6s. Acura em- 
ploys multi-valve technology in its 
160-horsepower aluminum engine. 
This year General Motors has added a 
new 140-hp 3.1-liter V6 engine to its 
GM10 coupes to strengthen the brew. 
The Buick was equipped with that en- 
gine, while the Oldsmobile had the 
slightly tamer 130-hp 2.8-liter V6. The 
supercharged engine in the Thunder- 
bird generates 210 hp at a leisurely 
4,000 rpm and 315 pound-feet of torque 
at 2,600 rpm. That gives it a power to 
weight ratio of 18.6 pounds per horse- 
power, compared with 19.9 for the Leg- 
end, 24.1 for the Regal, and 25.2 for 
the Cutlass Supreme International. 

So it came as no surprise when the 
test team clipped off a 0-to-60-mph 
time of 7.5 seconds in the Thunderbird, 
about a second faster than the second- 
place Legend (and a second faster than 
the Turbo Coupe we tested last year). 
The Regal, at 10 seconds, slightly 
edged out the Supreme, owing to the 
extra 10 horses available in the larger- 


displacement GM engine. The close- 
ness of the contest between the GM 
coupes is due primarily to the Regal 
being equipped with a four-speed au- 
tomatic transmission, while the Cut- 
lass Supreme has a five-speed manual. 


Supercharged power 


The power that gives the Thunder- 
bird such a clear edge stems from its 
Roots-type belt-driven supercharger, 
which is crammed low between the 
cylinder banks. The blower's location 
demands a complicated belt system 
that routes its drive-power through a 
secondary pulley. The supercharger op- 
erates at 2.6 times the crankshaft 
speed and reaches a maximum speed 
of 15,600 rpm when the engine is at 
its 6,000-rpm red line. It’s a tidy, if 
somewhat crowded, setup that uses a 
separate lubrication sump. 

The most noticeable difference be- 
tween the Thunderbird’s supercharged 
and base engine is the large air-to-air 
intercooler on the right side of the en- 
gine bay. Heat that is generated when 
the supercharger compresses air is ex- 
tracted to raise the air’s density and 
its oxygen content. The result is more 
power output for its 12-psi maximum 
boost. 

The installation demanded strength- 
ening much of the engine's bottom end, 
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Braking distances were 
short for all four coupes, in- 
cluding the Acura (top) and 
the Olds Cutlass Supreme 
International (above)—a 
testimony to the four-wheel 
disc brakes and anti-lock 
systems, although the 
Acura was particularly 
easy to modulate. 


according to Ford engineers. Compres- 
sion ratio was reduced from 9.0:1 on 
the base 3.8-liter V6 engine to 8.2:1 
on the supercharged unit. The ample 
torque that kicks in at a touch of the 
gas pedal is the main advertised benefit 
of the belt-driven supercharger over 
more common exhaust-gas-driven tur- 
bocharger systems. The engine lights 
up with a throaty bellow that does a 
neat imitation of a high-output V8. 

With the power, abundant torque, 
and terrific throttle response, the drive 
train would be close to ideal except for 
a recurrent high-rpm vibration appar- 
ent in the test car. Ford engineers say 
the problem has been solved by using 
a stiffer chassis crossmember. 

In contrast, the Legend Coupe stayed 
sweet and smooth throughout the rpm 
band. The Legend's engine is a com- 
plicated 90-degree V6 setup with four 
valves per cylinder operated by a sin- 
gle camshaft per cylinder bank—a sys- 
tem that Honda engineers make work 
with uncanny precision. 

GM's smooth engines 

Despite the distant last-place show- 
ing in the acceleration numbers, 1 
remain impressed by the delicious 
smoothness of GM's small-displace- 
ment V6s. The 60-degree block makes 

Continued 
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Coupes Continued 


ACCELERATION 0—60 (sec.) 


FORD THUNDERBIRD SUPER COUPE 


ACURA LEGEND COUPE LS 


BUICK REGAL GRAN SPORT COUPE 


OLDSMOBILE CUTLASS SUPREME 


e 


BRAKING 60-0 (ft.) 


FORD THUNDERBIRD SUPER COUPE — 


ACURA LEGEND COUPE 15 


BUICK REGAL GRAN. SPORT. COUPE 


130 140 150 


600-FOOT SLALOM (mph). 


FORD THUNDERBIRD SUPER COUPE 


BUICK REGAL GRAN SPORT COUPE 


OLDSMOBILE CUTLASS SUPREME 


ACURA LEGEND COUPE LS 


40 45 50 


LL TEST (mph) 


ACURA LEGEND COUPE LS | 


BUICK REGAL GRAN SPORT COUPE 


OLDSMOBILE CUTLASS SUPREME 


FORD THUNDERBIRD SUPER COUPE 


50 55 60 
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160 


for a neat package and better balance 


without the split-pin crankshaft used 
on the Ford. 

What goes must stop, and the Thun- 
derbird repeated our previous experi- 
ence with the marque [Sept. '87] by 
clipping off 137-foot 60-to-0 stops with 
ease. Second was the Legend at 145 
feet, followed closely by the Cutlass and 
Regal at about 150 feet. All the cars 
in the test were equipped with anti- 
lock brakes; however, the rear-drive 
Thunderbird's nearly equal weight dis- 
tribution, front to back, proved to be a 
decided advantage over the front-heavy 
front-drivers. 

That edge carried onto the handling 
grids, where the Thunderbird more 
than held its own against its lighter 
front-drive competition. The Thunder- 


. bird's new independent rear suspension 


is based on widely spaced lower arms 
that maintain rigidity. A separate toe- 
control link provides a slight rear 
toe-in under heavy cornering loads. 

Combined with quick, positive steer- 
ing, the chassis handles far more deftly 
than would be expected given the 113- 
inch wheelbase. On the new 600-foot 
slalom course (see Fine Tuning The 
Tests at the end of article), the 47.3 
mph clocked by the Thunderbird was 
challenged most closely by the Regal's 
46.3-mph run. At 45.7 mph the Cut- 
lass was bouncing on the bump stops, 
while the Legend, at 45.6 mph, was 
limited by understeer but was still 
mannerly. 


Agile coupes 


On both the skidpad and the high- 
speed lane-change test, the Thunder- 
bird exhibited enough understeer to 
keep times down, but the rear toe-angle 
change worked well in keeping the car’s 
rear end in line. The Legend took this 
test with a 57-mph run; the Buick 
Regal was next with an impressive 
55.3-mph speed, followed closely by its 
Olds Cutlass brother at 54.5 mph. De- 
spite the Thunderbird’s 53.1-mph last- 
place showing, the near absence of 
body roll and the ability to control the 
car easily with the throttle provides a 
fine sense of road feel, while the long 
control arms and weight make for a 
smooth ride on the highway and over 
rough pavement. 

The Legend, likewise, is a solid road 
car with impeccable manners in hard 
cornering and a smooth feel on less 
than perfect road surfaces. However, I 
found the understeer bordering on 
sluggish for the quick turn-ins that are 
required on the slalom course. The Leg- 
end’s most irritating feature was its 
variable-boost power steering, which 
abruptly dumped the steering boost at 
about 15 mph. Ford uses a similar sys- 
tem in the Thunderbird, but it works 


progressively, without the harshness 
inherent in the Acura. 


GM10 choices 


Of the two GM cars, the suspension 
in the Buick worked best in the hard 
workouts. The Regal was equipped 
with a Gran Touring package, which 
includes stiffer springs and deflected- 
disc shock absorbers for ride control. 
Both the Olds and Buick feature an 
independent rear axle with a trans- 
verse leaf spring. 

GM has made major strides in over- 
all chassis rigidity with these coupes, 
which translate into vastly improved 
handling feel and reduced interior 
noise. However, it would be hard to 
argue that the strut suspension and 
overall handling precision are in the 
same league with those of the Thun- 
derbird or the Legend. 

Off the track, fundamental differ- 
ences in the character of the cars 
quickly became apparent. The Legend 
feels like an extension of the driver and 
is always poised. It is smooth, power- 
ful, and luxurious. But its styling 
seems subdued to the point of invisi- 
bility and could be a disappointment 
to someone who expects at least to be 
noticed after plunking down $30,000. 

From the aggressive exhaust note 
and the subdued whine of the super- 
charger to the car’s highly visible ex- 
terior, the Thunderbird is anything but 
subdued. It almost feels like a muscle 
car at times, particularly when you 
stomp on the throttle. But the overall 
feel of the car is smoother than your 
first impression might indicate. The 
car's wide stance and heft smooth out 
expressway ripples more like a luxury 
car, until you press it in a corner and 
it's a sports car again. 

The GM10 exercises are roomy, light, 
and efficient. I prefer the Regal with 
the Gran Touring package on the in- 
side, but the Cutlass Supreme for its 
smooth, aero-styled exterior. The Gen- 
eral Motors coupes have a sense of all- . 
around goodness that seems to defy 
being turned into a performance coupe 
if only because of the lack of power. 
But their near-$20,000 final price stick- 
ers can be tough to swallow. 


The winner is... 


If price is an object, the Thunder- 
bird Super Coupe, which is expected 
to cost around $20,000, is the clear win- 
ner. Its rear-wheel-drive chassis com- 
petes with the best of the imports on 
both the track and highway, although 
it still leaves some room for refinement. 
But if you care to ante up an extra 
$10,000, the Legend ranks with the 
best sporty coupes made today. 


Text continued on page 48 


More and less 
than meets 


The pack says “low tar’ But the taste says more. 
A far richer, more satisfying taste than you’d expect. Yet Merit 
has.even less tar than other leading lights. The secret is Enriched Flavor" 
Only Merit has it. Which is why, in a test against competitive cigarettes, more than 
half the smokers said Merit tastes as good or better than brands 
that have up to 38% more tar. Taste Merit yourself. 
You won't believe your eyes. 


Enriched Flavor" low tar. w | A solution with Merit. 
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Filter 


SURGEON GENERAL'S WARNING: Quitting Smoking 


© Philip Morris Inc. 1988 


Now Greatly Reduces Serious Risks to Your Health. 


Kings: 8 mg ‘‘tar:’ 0.6 mg nicotine av. per cigarette by FTC method. 


It's not just a truck anymore. 


It's part of vour life. 


Waves smashing against the 
beach. The taste of salt in the air. 

Day begins. And you and your 
new S-15 Pickup 4 X 4 head for 
the open road. 

It's going to be another special 
day. Because the S-15 is such a 
special part of your life. The 
9-15 is no ordinary truck. It's a 
GMC Truck. 


It's available with the most pow- 


erful V6 in its class: the optional 
4. 3-liter fuel-injected Vortec V-6 
that puts 160 horsepower at your 
command. Combined with the 
rear-wheel anti-lock brake system 
that's standard this year, the per- 
formance is hard to equal in a 
compact pickup (anti-lock brakes 
operate only in two-wheel drive). 

The S-15's Insta- Trac shift-on- 
the-fly four-wheel-drive system 
lets you pull off the road and onto 
the beach with certainty and 
ease. And the ride feels firm and 
reassuring. 


(01988 General Motors Corporation. All rights reserved. 


Yes, the S-15 has made a big 
difference in the roads you travel. 
And from now on, life will never 
be quite as mundane as it used 
to be. 

For a catalog and the name of 
your nearest dealer, call: 
1-800-VALUE89 
(1-800-825-8389). 


It's not just a truck anymore. 


TEST RESULTS 

Acceleration (sec.) 
0—30 mph 
0—60 mph ... 

Brake test, 60—0 mph 
Stopping distance (ft.) .... 
Pedal pressure, cold (Ibs.) 

(0.75-G stop) ............... 
Pedal pressure, hot (Ibs.) 
(0.75-G stop) ............ 


Lane-change test (mph) 
Interior noise (dBa) 
At idle ..... 


Highway ...... 


* Not available 


DIMENSIONS (in.) 
Wheelbase 

Overall length 
Overall width 
Overall height 
SPECIFICATIONS (as tested) 
Engine type 

Displacement (cu. in. /liters) 
Compression ratio 

Induction 

Net horsepower @ rpm 

Net torque (Ib.-ft.) & rpm 
Transmission 

Final drive ratio 

Steering 


Turn diameter (f1.) 
Front suspension 


Rear suspension 


Brakes 


Curb weight (Ibs.) 

F/R weight distribution (95) 
Fuel tank (gal.) 

Trunk volume (cu. ft.) 
Base price 

Price as tested 


Major options (over $100): Gran Sport package $1,205, anti-lock brakes $925, sun roof $680, four-seater package 
$409, AM-FM radio with compact-disc player $396, digital instrumentation $299; *LSC option package $1,005; anti- 


Brake pads, front 
Brake pads. linings, rear 
Front shock/strut insert 
Alternator 
Fuel pump 
Ignition module 
Grille 
Front bumper 
Windshield 

| Taillight lens 


| 600-foot slalom test (mph) wi 


ee ere 
| EPA FUEL MILEAGE (mpg) 


160 @ 5,900 
162 @ 4,500 
5-speed manual 
4.2:1 
Speed-sensitive 
| rack & pinion 
36.4 

| Independent, 
double wishbone, 
| coil springs, 
stabilizer bar 


Independent, 
double wishbone, 
| coil spring, 
stabilizer bar 
Disc/disc, 
anti-lock 


$29,538 


| * Does not include coils | Not available 
| inc de 


Checking oil level 
Checking coolant level 
Adding oil 
Changing oil filter 
Changing spark plugs 
Changing belts 
Changing radiator hoses 
` Changing heater hoses 
Checking fuses 
Spare-tire access 


St 


(Ease of service: 5=excellent, 1 = poor) 


A ظط‎ ш BBE LS cn Un n 


4-speed automatic 
3.33:1 

Power - assisted 
rack & pinion 
40.0 
Independent, 
MacPherson strut, 
coil spring, 
stabilizer bar 


Independent, 
tri-link, transversal 
leaf spring, 
stabilizer bar 


| Disc/disc, 


anti-lock 


$19,072! 
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315 є 2,600 
5-speed manual 
2.73:1 

Power 

rack & pinion 
35.6 
Independent, 
long spindle SLA 
with upper A arm, 
lower arm, tension 
strut, stabilizer bar 
Independent, 
lower H arm, 
upper arm, 
stabilizer bar 
Disc/disc, 


| anti-lock 
| 3,913 
57/43 
19.0 


14.7 
n.a. 
$20,000 (est.) 
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130 & 4,500 Е 
170 @ 3,600 | 
5-speed manual 
3.61:1 
Power-assisted 

rack & pinion 

39.0 

Independent, | 
MacPherson strut, 
coil spring, 
stabilizer bar 


Independent, 
tri-link, transverse 
leaf spring, 
stabilizer bar 

Disc/ disc, 
anti-lock 


$19,525? 
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New anti-lock brakes now 
standard on GMC Truck $-15. 


In any pickup, the one thing 
between you and the unexpected 
is your brakes. You want the best 
system available. 

That's why the S-15 comes 
equipped with electronic rear- 
wheel anti-lock brakes designed to 
help prevent rear-wheel “lock-up © 
and help control skidding on sud- 
den stops under a variety of road 
surface conditions. 

It works like this: An engine- 
compartment-mounted control unit 
reads signals from a rear-wheel 
speed sensor to sense impending 
wheel lock. When necessary it con- 
trols hydraulic pressure at the rear 
wheels to help prevent lock-up. (On 
four-wheel-drive models the system 
operates only in two-wheel drive.) 

Your stops are sure and stable. 

So when you're shopping for a 
pickup you need to ask about anti- 
lock brakes. Many trucks don't 
even offer them at all. But the S-15 
gives you this important feature at 
no extra cost. 


Let's get it together ..buckle up 


GMCTRUCK 


It’s not just a truck anymore. 


Build your own Home or Business 


“Versaille i inv estment programs Advertising support 
Unrestricted sales territories eFull training & support 
eFinancing assistance Construction assistance 
eSubstantial discounts eModel/Show Home 
ese inv ventory dae i ath em 


° Super energy y efficiency (R- 30) “eCustom ап available 
eHundreds of popular designs Fast, simple construction ЙЮ@ 
eClearspan interior flexibility * Unique, patented designs ^ Yj 
* Affordability *Fire & termite resistance 
eSeismic 4 earthquake rating *Low maintenance 

e100 MPH~+ wind resistance *High strength 


For FREE Color Packet & more information: 


Call Toll Free: 1-800-TRI-STEEL 


Dallas, Texas Fax Machine #: (2 14)550-0353 138A All Kights Reserved 


Vendex Headstart" LTD Turbo 888-Ltd. 


3 Featuring a Built-in 
21 Megabyte Hard Disk Drive! 
|= Is it the 100% IBM" compatible office 
(| computer that's inexpensive enough 
24 for home use or the home computer 
1 thats powerful enough to drive all your 
| business software and peripherals? 


| е 14” color monitor e 84 key keyboard 
e 21 megabyte hard disk drive • Two 

| 360K floppy disc drives • 7 expansion 
slots • Parallel and serial ports « Mouse 
e Clock/calendar • Bonus software 
Ane adi e 3-in1 graphics card 


Model LTD — 2888 


FREE Vendex LTD Cold Card entitling you to discounts on software, 
peripherals, magazines — even a FREE magazine subscription! 


SCOPE [555292626 


260 Motor Pkwy, Hauppauge NY 11788 | (NY State 800-832-1446 Ext. 242) 


ASK FOR FREE CATALOG Money orders, checks accepted Please add $30.00 
per item shipping and handling. NYS residents add appropriate sales tax 
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Coupes Continued 
Thunderbird challenge 


Even though the Ford Thunderbird Super 
Coupe isn't on sale yet, it has already passed 
an important acid test: a tough comparison 
against its peers. 

The new blower Thunderbird didn't win every 
contest in a clean sweep, but it did well enough 
that Acura—not to mention Buick and Olds 
— may have to consider certain strategic ad- 
justments in future plans. 

Without a doubt, the new Thunderbird is 
the best-looking coupe of the clutch. The Ford 
designers have done a marvelous job, and their 
new showpiece is one of the more striking cars 
on the road today. The supercharged V6 also 
lives up to the promise of instantaneous throt- 


| tle response. The Thunderbird's 0-to-60 clock- 


ing makes the rest of the coupe group eat tail 
feathers. 

The Thunderbird topped the field in brake 
testing, and it proved to have a strong grip on 
the skidpad. In handling tests, however, the 
results were mixed. With its long wheelbase 
and nearly two tons of weight to lug around, 
the Thunderbird is not as agile as the lighter 


| competition. 


Ignoring the window stickers for a minute, 
l'd pick the Acura out of this lot because it 
does everything gracefully while feeling like a 
well-oiled machine. The Thunderbird is a close 
second and more than makes up for its occa- 
sional clumsiness with an entertaining power- 
to-weight ratio. But with the Legend Coupe's 
$30,000 price factored in, the Ford Thunder- 
bird is the hands-down winner. 

The Olds Cutlass Supreme and Buick Regal 
are both capable cars, but they fall short in 
several important categories: Their steering is 
numb, and even GM's new 3.1-liter V6 falls 
short. Also, the door-mounted seat belts are 
agonizing to use, and the upper belt seems to 
be anchored too far forward. 

For the time being, the Thunderbird Super 
Coupe enjoys a class unto itself. No domestic 
competitor can match its pace, and no import 
can touch its price. That's an enviable posi- 
tion to be in and yet another feather in Ford's 
well-decorated cap.—Don Sherman 


Fine tuning the tests 


With the aim of providing the best performance 
test results available from any independent 
source, POPULAR SCIENCE is revamping many 
aspects of its car-testing procedures. New 
tests will be added and old standbys will be 
improved. 

This month, acceleration figures are some- 
what quicker because we now conduct the test 
with only the driver in the car. In addition, we 
have tightened the double-lane change, or 
high-speed handling, course to simulate real- 
world highway accident avoidance more close- 
ly. This results in somewhat lower test speeds. 
Previously, the entry and exit gates were spaced 
at 60-foot intervals and connected by a 120- 


| foot steering-transition lane. The new gates 


are set at 50-foot intervals, and the transition 
lane is 100 feet long. A completely new course 
has been devised to assess maneuverability: 
Each car is driven on a serpentine path through 
a straight line of nine traffic cones spaced at 
75-foot intervals. We have also increased the 
severity of our brake-fade test by increasing 
the deceleration force from Y2 to 3/4 G. Other 
new tests will be added as we improve our test 
methodology.—D. S. 


Learn to troubleshoot and service today’s 
computer systems as you build 
a fully X I-compatible micro, 

complete with 512K RAM anc 
powerful 20 meg hard drive g 


Your NRI computer training includes all this: « NRI's unique Discovery Lab” for circuit design and qur is 

* NRI's hand-held digital multimeter featuring “talk-you-through” instructions on audio cassette * A digital 

logic probe that lets you visually examine computer circuits • The new Packard Bell VX88 computer with 

"intelligent" keyboard, 360K double-sided, double-density disk drive, 512K RAM, 16K ROM * 20 megabyte 

hard disk drive • Bundled software 

including MS-DOS, GW-BASIC, word 
processing, spreadsheet, and database 
programs * Packard Bell reference 
manuals with programming guidelines and 
schematics. 


Train the NRI Way— peripheral—now included in your course to No classroom pressures, no night school, no 
and Earn Good Money Servicing dramatically increase the data storage need to quit your present job until you're 
Any Brand of Computer Capacity of your computer while giving you ready to make your move. And all 
DN | = lig ыйа шен data access. Plus you work throughout your traing, you've got the full 
Jobs for computer service technicians will with exclusive word processing, database, support of your personal NRI instructor and 
almost double in the next 10 years according and spreadsheet software, yours to use for the NRI technical staff, always ready to 
to Department of Labor statistics, making your own professional and personal answer your questions and help you 
oe и one of the top 10 growth мааа T 8 whenever you need it. 
s in the nation. s you build your computer, m 
Now you can cash in on this exciting performing key dani ie a FREE 100-Page Catalog Tells More 
itv—ei ull-time ind experiments at each stage of assembly, you P7 FE ДЕУ E CC сиу оой 
gri either a metus ТСТ уй 
: p » "e color catalog that describes every aspect of 
of your own—once you've mastered experience you need to work with, ЫН Г алтты ме сокыр саай 
electronica aad commiters the NBI wav troubleshoot, and service today’s most. ндү ооо гашение 
р ау. as hands-on training in robotics, video/audio 


NRI's practical combination of widely used computer systems. servicing, electronic music technology, 


“теаѕоп-мһу" theory and hands-on building . . security electronics, data communications, 
skills starts you with the fundamentals of No Experience Needed, NRI BuildsItIn а. other growing high-tech career fields. If 


electronics, then guides you through more m 7 z Р the coupon is missing, write to: NRI School 
PERO CR reas This is the kind of practical, hands-on ! БОП 19 amg WUE езет 

latest advances in computer technology. с experience that makes you uniquely ded Gentes 2000 Wisconsin Aves 

You even learn to program in BASIC and prepared to take advantage of today's W Ent “ТУС 20016 слала 

machine language. the essential language opportunities in computer service. You learn ashington, i á 

for troubleshooting and repair. at your own convenience in your own home. ІВМ is a registered trademark Gal Internationa] Business 


Get Real-World Skills as You Train 
With a Powerful XT-Compatible 


re a R SEND COUPON TODAY FOR FREE NRI CATALOG! 


АМУ» e ü For Career cour 


arses 
approved under GI Bill 


To give you hands-on training with the 
absolute in state-of-the-art computer McGraw-Hill Continuing Education Center 

technology, NRI includes the powerful new 3939 Wisconsin Avenue, NW, Washington, DC 20016 
Packard Bell VX88 computer as the 


O check for details. 


. E | ¥ CHECK ONE FREE CATALOG ONLY [| Electronic Design Technology Û! Air Conditioning, Heating & Refrigeration | 

з | КЕ of our training. As you т C! Computer Electronics _| Industrial Electronics [1 Small Engine Repair 
assem le this fully IBM XT-compatible | | TV/Video! Audio Servicing C| Communications Electronics Û] Electrician 
micro from the keyboard up, you actually Г] Robotics 1 Basic Electronics O Locksmithing & Electronic Security 
see for yourself how every section of your C| Electronic Music Technology || Bookkeeping and Accounting [ Travel Careers 
computer works. | Security Electronics || Building Construction LJ Telephone Servicing 

You assemble and test your computer’s C Digital Electronics Servicing || Automotive Servicing [| Paralegal 
“intelligent” keyboard, install the power | | 
supply and 5'4" disk drive, then interface the | Name (Please print) Age | 
high-resolution monitor. But that's not all. К 

Your hands-on training continues as ыыы 
you install a powerful 20 megabyte hard | City/State/Zip "x | | | 101-019 
disk drive—today’s most-wanted computer We'll give you tomorrow. Accredited by the National Home Study Council 


Repairs, seals or mends e THE HOUSEHOLD 3 

almost anything. A must E Y | NT 

around the home and shop! ; WELDER.. 
HQ ES GLUE OBSOLETE — 


Nothing stronger or easier 
lo use! 


Three Special Welder Products: 


BEAR Гы? JIT um 
m ^ ы ! an 


Mends, repairs, fastens, seals— 


Ттт Те 
| WELDER 
LII Ge E 


xi 


e Plastic e Linoleum, carpet 
е Toys e Gutters 
Sneakers, • Weatherstripping 

shoes e Vinyl, rubber, etc. 
e Tiles * Wall paneling 


ПОТІМ 


Attaches, insulates, tightens— 
e Heater hoses  * Mirrors, ornaments 
e Battery cables • Nuts & bolts 
| e Dashboard * Car Upholstery Rips 
| cracks e Trim 
e Tail lights e Wiring 


ыш mI | „т ТГ" ummpem Ba б” m 
zi | Ё "T 1781 
a 1l ul d 


Б 


Welds, caulks, bonds, plugs— 


• Fitting leaks • Leaders & gutters p um A THOUSAND ча 
• Joints • Plastic tubing d SOLUTIONS FOR A N 
* Loose tiles e Drains LS THOUSAND PROBLEMS! 4 [ 


e Cracked sinks • Bath tubs 
e Pipe fittings z 


QIZ NEW YORK BRONZE POWDER CO., INC. 
| | For Mail Orders Call: 1-800-221-6545, In N.J. 201-539-9834 
For further information on THE WELDER write to: 
Jeff Morrison, VP Marketing, New York Bronze Powder Co., Inc. 
481 Doremus Ave., Newark, N.J. 07105 
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Heavier, sleeker, and more muscular 


ES eT E 


SE X a 5 "EU | 
ue es Wd zv eee per 


than last year’s car, the '89 5351 is pow- 


| ered by а 208-hp in-line six-cylinder 


engine—good for a 143-mph top speed. 


BMW's completely redesigned 5- 
Series models—the 525i and 5351— 
are larger, roomier, and more power- 
ful than the sedans they replace. Both 
cars have smooth single-overhead-cam 
six-cylinder engines that have been 
upgraded. The 1989 525i, which in the 
United States replaces the 528e, is 
rated at 168 horsepower (up 32 per- 
cent), and the 535i has 208 hp on tap 
(a 14-percent gain). 

While these cars are heavier than 
last year's models, the center of grav- 
ity is nearly two inches lower, the body 
structure is 30 percent stiffer, and 
aerodynamic performance has been 
improved. The 525i has a coefficient 
of drag of 0.31; the 535i, with its wider 
tires, slips through the wind with a 
0.32 coefficient of drag. Both cars have 
substantially reduced aerodynamic 
lift, and with 50 percent of the car's 
weight over each axle, handling has 
been improved. 

All this makes for faster 5-Series 
cars: The 525i cruises at 135 mph, up 
19 mph from the 528e; and the 535i 
tops out at 143 mph, a 10-mph im- 
provement. At least one-tenth of a sec- 
ond has been shaved off each car’s 
0-to-60-mph time, says BMW. 

Technological advancements include 
sound-deadening foam-filled roof pil- 
lars and ellipsoid low-beam head- 
lamps. A computer adjusts the speed 
and tension of the windshield wipers 
according to the car’s speed. And safe- 
ty features such as anti-lock brakes, 
a driver’s-side air bag, and automati- 
cally adjusting front-seat shoulder-belt 
anchors are standard equipment. The 
sun roof and windows close when the 
driver’s door lock is activated. 

With a base price of $37,000 for the 
5251 and $43,600 (plus a gas-guzzler 
tax of $650 or $850, depending on 
transmission choice) for the 5351, not 
much is left for optional equipment. 
A factory-engineered cellular phone 
and compact-disc player are available 


for dealer installation.—Don Sherman 


with ess 


m LESS TIME 
| Because NordicTrack is so much more efficient 
{ than an exercise bike or rowing machine, you burn 
more calories and get a better aerobic workout in 


дг Exercise. 
More» ' 


m MORE EFFECTIVE 


By duplicating the motion of cross country skiing, the / | 

world's best exercise, NordicIrack provides the ideal | Е 
aerobic workout. Your total body is exercised simul- | € mA 
taneously. - ' T ' less time. 


п MORE COMPLETE SN. ” m LESS EFFORT 

Unlike bikes and other sitdown exercisers, NordicTrack "ер * Inrunning and biking, the leg muscles do most of the work. 
exercises major muscles in the buttocks and legs more uni- With NordicTrack, the exercise workload is shared by 
formly, as well as exercising the arms, shoulders, the upper and lower body muscles, so exercise 
and back. You get a total body workout. seems to require less effort and provides 


ш MORE CALORIES BURNED xw greater cardiovascular benefits. 
In tests at a major university, gi 4 Й ш NO DIETING 


NordicTrack burned more calories Recent studies show that 


and provided a greater aerobic ` aerobic ехегс is much more 
effective for g weight than 


workout than an exercise bike 
dieting, And n&other exer- 


and a rowing machine.* 
cise machine burns more 


= MORE UNIFORM calories than Nordic 


Unlike a rowing machine, Track... So you can lose 


а raf: independently weight faster without 
adjust NordicTrack's dieti 
leting. 
résistance for upper and 
lower body musclesfora | ш NO IMPACT 
more thorough, balanced Running and some 
workout. Major muscles | aerobic workouts can 
are neither overstressed cause painful and 
nor underworked. Plus harmful jarring to the 
NordiclIrack's patented body, resulting in knee, 
flywheel system provides shin, back and other 
a smooth, rhythmic motion injuries. NordicTrack 
that makes exercising more gives you a vigorous aero- 
pleasant. bic workout that is com- 


m MORE pletely jarless. 
CONVENIENT m NO SKIING 
Exercise in the comfort of your EXPERIENCE REQUIRED 


NordicTrack is for everyone who 

wants the benefits of regular exercise. 
Even if you've never skied (and never plan 
to), in a few minutes you'll soon be "tracking." 
Great for all ages and weights. 


m NO RISK 

NordicIrack's excellent quality and performance allows us to 
offer a no-risk, 30-day trial return privilege. In fact, customer 
referrals are our largest source of orders. 


home, any time of day, in any weather. 
You'll be more likely to exercise reg- 
ularly and achieve your fitness goals. 
NordicIrack folds easily, requiring storage 
space of only 17" x 23". 


*Scientific test results included in NordicTrack brochure. 


FREE BROCHURE ANDgYIDEO 


Call Toll Free Or Write: 


1-800-328-5888 


In Minnesota 1-800-422-5145 In Canada 1-800-433-9582 


"Of all the indoor exercisers, 
only NordicTrack provides 
the same superior benefits 


as cross country skiing." No rdiclrack 
ж si 141 Jonathan Blvd. N., Chaska, MN 55318 
© [] Please send free brochure 
Olympic | [1 Also free videotape [] VHS [] BETA 
Silver Medalist i ———— ——— ——— — 
|: Street 
| اوا‎ Zip 
© 1988 NordicTrack A CML COMPANY -M _ ججج ڪڪ‎ 0) 


“Say, Smokey—" 


A clinic on cars by Smokey Yunick, America’s most famous mechanic 


Shaky steering 


I have a 1986 Toyota Camry LE with 
7,600 miles on the odometer. From the 


beginning I have had a problem with | 


an annoying steering-wheel vibration 
that varies with the car's speed. I have 
taken the car back to the Toyota dealer 


several times. The dealer installed a | 


kit for fixing pulsating brakes, which 
| included new rotors, and the tires were 
balanced at the same time. Later the 
| dealer also adjusted the idle speed. The 
service manager keeps telling me the 
pulsation will go away when I put more 
miles on the car. I am almost certain 
the vibration is something in the en- 
| gine or drive train. It is not noticeable 
on acceleration, but comes in when the 
caris settling down to an even speed. 
| Do you have any suggestions? 

D. G. Miller, Hixson, Tenn. 


| I get the impression from your letter that | 


the steering wheel is moving left to right 
with a short motion rather than actu- 
ally vibrating. So I suspect the prob- 
lem is coming from one or more rotating 
parts in either or both of the front 
wheels. It could be a balance problem, 
a bent or misaligned front-end part, or 
wheel shake from an improper caster 
setting. Because the dealer has tried to 
| correct the problem without success, I 
| believe it is not possible to identify and 
suggest a fix in a short letter. It seems 
to me that the logical next step is to con- 
tact the Toyota factory service represen- 
tative in your area. Your best bet is to 
take the representative for a hands-on 
ride in the car. I realize getting the at- 
tention of a factory service representa- 
tive can be a tough job, but it's the only 
bulletproof approach to fixing your car. 


Stumbling Century 


I have a 1985 Buick Century sedan, 
which has a 3.8-liter V6 fuel-injection- 
| equipped engine with 30,000 miles on 


it. When the engine is warm and I start | 


it up, it stumbles and bucks for a few 
seconds. Cold starts are OK. The dealer 
| replaced a cracked rotor and distribu- 
tor cap (at 26,000 miles), and the mass 
air sensor later on (at 28,700 miles). 
Neither seemed to help. Any ideas? 
Richard Freedman, Stamford, Conn. 


It could be many things, including the 


replaced mass air sensor, a. dirty air 
| cleaner, or an ignition problem. I sug- 
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gest you try another dealer. Many tech- 


nicians have seen so many repeats of 
the same failure that they should know 
by now exactly where the problem lies. 


Balance costs 


My American-built 1982 Plymouth Re- 
liant with a 2.2-liter engine has aver- 
aged 32 mpg on the highway using 
leaded gas. It is permissible under Ca- 
nadian law to use leaded gasoline in a 
car built especially for Canada. I now 
own a Plymouth Reliant with a 2.5- 
liter engine, which gets only 25 mpg 
on unleaded gas. My dealer says gas 
mileage will improve as the car gets 
broken in. The only difference between 
the cars is the engine. Why the big dif- 
ference in fuel economy? 

Joe Frackt, Montreal, Que. 


The 2.5-liter engine in your new Reli- 
ant is not only bigger, but also has a 
balance shaft that turns at twice the 
crank speed. It can eat some of the en- 
gine's power and hurt fuel economy. The 
gear ratio and the car's weight and body 
style all have an effect on gas mileage. 
In your case 1 imagine the body and 
weight are comparable, and the engine 
in your new car should be turning about 
the same rpm as that of the old car. 


| Other factors closely tied to mileage are 


air-fuel ratio and ignition timing. Some 
new cars use less spark and less fuel to 
lower emissions. Running too lean can 
also hurt fuel economy because it forces 
you into the power-enrichment mode too 
early. If your car has an automatic 
transmission, the torque converter can 
influence gas mileage in reference to 
torque multiplication, slippage, and 
gear ratios when it is in anything other 
than high gear. 


Locking Taurus 


Since I purchased my 1986 Ford Tau- 
rus new, the brakes have worked fine 
in dry weather, but on wet pavement 


they often lock, causing the car to con- | 


tinue to slide forward or swerve all over 
the road. The Ford factory representa- 


tive told me that this is normal for | 


front-wheel-drive cars with the new 
type of brake pads. He said I should 
press and release the brakes gradually 
several times to slow down and pre- 
vent the brakes from locking. This 
seems to work except for emergency 
situations when there isn't enough 


time to go through this procedure. I 
have had several near misses and am 
now afraid to drive the car when the 


| roads are wet. Should I get rid of it 


and buy a car like I’ve driven for the 


| past 30 years, one without front-wheel 


drive? 
Sylvia Pattison, Nederland, Texas 


| Ona flat dry paved road you should be 


able to run your car at 30 mph and push 


| the brakes to the point of rear-wheel 
lockup (with a normal load) with your 
hands off the steering wheel and still 


stop straight. If you can't, the brakes | 
aren't right. No question, driving a 
front-drive car is different from driv- 
ing a rear-drive, so expect to go through 
a learning process cautiously. But if you 
can't stop the car in a reasonable way 
compared with what you're used to, 


| don't let someone tell you front-drives 


are all that way. Front-drives have a 
lot of their weight on the front wheels 
and in a hard stop almost no weight 
on the rear wheels (light load, with only 
the driver in the car). This gives little | 
braking power to the rear wheels. So a 
good idea is to put 100 pounds of bal- 
last in the trunk until you master the 
driving and stopping of your front-drive 
car or get the brakes fixed. 


Hard water in radiator 


Our local water is hard, so we use a 
water softener. Should we put the hard 
water with many minerals from the tap 
into the radiator, or softened water, | 
where the minerals have been replaced 
by salt ions? 

James V. Mardis, Beavercreek, Ohio 


At least half of your radiator coolant | 
should be antifreeze; the other half 


| should be water that is as mineral-free 
| as is available. There is an electrical 
| reaction from the dissimilar metals in 


the water pump and the engine block 


| that, coupled with minerals in the 


water, can cause severe corrosion of 
metal parts and formation of radiator 
deposits. To prevent this buildup, which 
could eventually clog your radiator, an- | 
tifreeze is formulated with additives. 
But using distilled water may be your 
best route. 


Got a car problem? Send it to "Say, Smokey—,'' POPULAR 
Science, 380 Madison Ave., New York, М.Ү. 10017. All letters 
are read, and those of widest interest are answered in this 
column. Due to the large volume of mail, Smokey cannot reply 
to letters not selected for publication. 
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Highest K And X Band Sensitivity 


BEL VECTOR 3 , 
Radar 
Detector 


The IRT? Difference 


A police radar signal is often buried by 
microwave "noise", making it invisible to 
ordinary superheterodyne detectors. Image 
Rejection Technology? however, reduces 
this surrounding microwave "noise" 
making the same police radar signal visible 
for early detection. 


VECTOR = 


IAT 


ALERT г a a 
Ei Ci Ci bi i 


Model 976 


radar, now increasing in use throughout 
the U.S. and Canada. And VECTOR 3 also 
effectively reduces false alerts from non- 
police sources without any loss of sensitivity 
to police radar. 


I” Road & Track 's recent test of currently 
available radar detectors, BEL VECTOR 3 
rated number one in both K and X band 

sensitivity. Rarely is one radar detector best 


in both K and X bands. In fact, VECTOR 3 Howa conventional VECTOR 3 with IRT® 


posted the highest K and X band sensi- 
tivity levels ever recorded! The results 
confirm BEL's performance advantage: 


"Vector 3 maintains а BEL tradition of 
excellent sensitivity, posting the 
highest figures in this survey for both 

K and X band radar.” Road & Track, Nov '88 


It's now clear. BEL technology offers 
unmatched performance. And with today's 
sophisticated radar equipment, nothing is 
more important than the best possible 
performance. 


VECTOR 3's performance edge is 
achieved by adapting a technology used in 
military satellite communications. We call it 
Image Rejection Technology®, or IRT®. And 
through its use, VECTOR 3 provides a level 
of sensitivity unequaled by any other radar 
detector manufacturer — a definite advan- 
tage for detecting Instant On or Pulsed 
radar. And when Instant On or Pulsed radar 
is encountered, VECTOR 3 warns you with 
a separate audio alert. 


But outstanding sensitivity isn't your only 
advantage. VECTOR 3 also detects Ka band 


Laboratory Tests* 
Sensitivity, dBm/cm* 
Model X-band K-band 


BEL Vector 3 


Audiovox RX4.......... 
Cincinnati Microwave 


Cobra Trapshooter 

ВОО d ern. LC. 
Fultron 15-0900, 

snooper D-4000 
Kraco KRD-16 
Mascot PH222 
Maxon RD-25 | 
Radio Shack Micronta 

Road Patrol XK 
Uniden RD9XL | 
Whistler Spectrum 2... .. 
Average unit...... mE 


Source: Road & Track, Nov. 1988 

*Conducted by Advanced Product Evaluation 
Laboratory, Inc. 
BEL VECTOR 3 is the only unit in this test that also 
detects Ka band radar. 


superheterodyne sees the same signal 
radar detector seesa clearly by reducing 
police radar signal. microwave “noise”! 


Performance this complete also includes 
a long list of features that makes driving 
with VECTOR 3 easy and convenient. 


VECTOR 3 is only $279.95 and comes 
with a full one year warranty on parts and 
service. To order your VECTOR 3, or to 
obtain the name of a dealer near you, just 
call toll-free. 


1-800-341-1401 U.S.A. 
1-800-268-3994 Canada 


ша == 


New European 3 Band radar detectors are now available. Please 
inquire for more information. 


*Registered trademark of BEL-TRONICS LIMITED 


BEL-TRONICS LIMITED 
The Intelligent Choice 
976PS 
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extended-length WE 
A new Aerostar model-with 28 cubic feet more cargo : 


| d ' | space іп back! 
EVET) ODger OL A new extended-length Aerostar now joins Ford's reg- 


ularlength mini-van-the one that sets high standards 


for aerodynamic design, luxury and versatility. With 


lo oks and ace the same wheelbase, both Aerostars are easy to handle, 
dus | ® garage and park. 


First class comfort. Carry up to 7 people-or 167 cu. ft. 
30f cargo-17 more than Chrysler's long mini-vans. Choose 
esporty XL or XLT or stylish Eddie Bauer (shown below). 

V-6 power, standard! Aerostar's electronic fuel-inject- 
3ed 3.0L V-6 delivers a spirited 145 horsepower-vs. only 
100 from Caravan's standard 2.5L 4-cylinder. Properly 
equipped, Aerostar tows 4800 Ibs.!* 


Touches of class include optional headphone jacks, 
heating/cooling fan controls for rear-seat passengers, and 
overhead console trip computer. New extended-length 
or regular, Aerostar goes to any length to be the best! 

Transferable 6-Year/60,000-Mile Powertrain Warranty. 
Govers you and future owners, with no transfer cost, on 
major powertrain components for 6 years/ 60,000 miles. 
Restrictions and deductible apply. Ask to see this lim- 
ited warranty at your Ford Dealer. 

Ford. Best-Built American Cars and Trucks-Fight Years 
Running. Based on an average of ownerreported prob- 
lems іп a series of surveys of '81-88 models designed 
and built in North America. At Ford, "Quality is Job 17 
*Regular-length model. Extended-length model tows 4700 Ibs. when 

properly pe ing ups Towing rating is reduced by passenger and 
cargo weight in towing vehicle 


Have you driven a Ford... lately? 


Buckle up-together we can save lives. 
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SURGEON GENERAL'S WARNING: Quitting Smoking 
Now Greatly Reduces Serious Risks to Your Health. 


AMERICAS BEST. 


Automotive trends 


Last February PoPULAR SCIENCE re- 
ported on the trend toward 12-cylinder 
engines. In May we wrote about the 
new turbochargers that overcome turbo 
lag. In October there was a special sec- 
tion on the new cars, and the big news 
was the strong move toward more 
power in car engines. Obviously, with 
the perceived end of the energy crisis, 
people all over the world are opting for 
bigger, more powerful engines. 

But big engines arent the only news. 
There is a tremendous amount of new 


engine technology being announced al- | 


most daily. Among items that have 
come to our attention recently: 


Two-stroke progress 


front"] we reported that Ford had taken 
out a license with Orbital Engine Co. 
of Australia, buying rights to continue 
development on a two-stroke engine 
Orbital had developed that might be 
adaptable to powering a car. Outboard 
motorboat engines have long been two- 
strokes, of course, but with minor ex- 
ceptions two-strokes have never been 
seriously considered for cars. As the 
PoPULARSCIENCE piece explained, two- 
strokes have one big advantage: They 
produce more horsepower per pound 
than four-cycle engines because they 
generate power on every cycle of the 
piston rather than every other one. The 
story went on to tell how Orbital has 
overcome many of the problems that 
have kept two-strokes out of cars, the 
| main one being that they produce 

higher emissions than four-cycle en- 
gines—not a desirable characteristic 
in this time of ever-tightening emis- 
sions standards. 

All of the above make it particularly 
interesting that General Motors has 
recently placed ads in Wisconsin news- 
papers soliciting job applications from 
engineers with two-stroke-engine ex- 
perience. The ads were undoubtedly 
placed in Wisconsin newspapers be- 
cause most outboard engines in the 


country —which are overwhelmingly of | 


two-stroke design—are made in that 
state's plants. Chrysler is also known 


What's News 


to be working on two-stroke technol- 
ogy, and according to some insiders, 
may be closer than either Ford or GM 


to putting a two-stroke-powered car on | 


the market. 


Rotary progress 
Some years ago Deere & Co. began 
work aimed at developing a version of 


| the rotary Wankel engine that would 


be useful in such diverse applications 
as auxiliary power plants for large air- 


| craft as well as the primary power | 
plant for both general aviation and 
large unmanned aircraft that might be | 
| used for high-altitude surveillance or 


relaying of electronic transmissions. 


| The engine is attractive for such ap- | 

plications because it is smaller and 
| lighter than others, and so produces 
Last November ["Automotive News- | 


more horsepower per pound of weight. 
It also has fewer moving parts, and 
thus smaller maintenance costs. 

Deere says it has completed initial 
tests of a stratified-charge rotary en- 
gine and that it exceeds design power 
by over seven percent. The 500-pound 
engine was made to produce 400 horse- 
power between sea level and 20,000 
feet, but produced 430. The engine can 
run on anything from aviation gas to 
No. 2 diesel fuel. This progress on the 
Wankel engine makes the following 
item all the more ironic. 


Felix Wankel 


In 1970a revolutionary engine was in- 
troduced on the U.S. automotive scene: 
the rotary Wankel engine. It had sev- 
eral outstanding characteristics: It had 
only one main moving part—a rotor 
that spun inside a strangely shaped 
combustion cylinder. With no recipro- 
cating pistons, it was far smoother than 
standard engines; and it had a higher 
power-to-weight ratio. It appeared in 
a production car first in the 1960s. Gen- 


eral Motors fitted a U.S. plant to start | 


building Wankel engines for produc- 
tion cars in the mid-1970s to take ad- 
vantage of the weight savings and 
smoothness. 


But it was not to be. Two things hap- | 


pened. The fuel shortage got serious 


and so did the quest for reduced auto- | 
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motive emissions. Although the Wan- 
kel had advantages, it had two fatal 
disadvantages: It was not particularly 
efficient, and it produced more emis- 


| sionsthan did conventional reciprocat- 


ing engines. GM cancelled plans for 
production. 

Despite this major setback, the Wan- | 
kel is still around, and as the previous 
item tells, is still under development | 
for various purposes. Thus it is partic- 
ularly sad that just as this innovative 
engine is beginning to show promise 
again, its inventor, Felix Wankel, a 
brilliant mathematician and inventor 
who never finished secondary school, 


| has died at the age of 86 in Lindau, | 


West Germany. 


Four-wheel steering 


Four-wheel steering undoubtedly offers 
better low-speed maneuverability. It 
also gives better high-speed maneuver- 
ability and accident-avoidance capabil- 
ity, especially on slick surfaces. That 
makes it all the more surprising that 
it is not selling well in the United 
States. Four-wheel steering [Aug. '87] 
is now offered by Honda on the Prel- 
ude and Mazda on the 626. To date, 
however, less than two percent of Hon- 
da's sales in the United States and less 
than one percent of Mazda's have been 
four-wheel-steer versions о their cars. 

As one industry watcher put it, if 
real driving advantages exist, why is 
"the world not ripping doors off to get | 
into the cars?" The answer, according 
to Honda and Mazda, is that neither | 
the dealer sales forces nor the public 
really understands the advantages of 
four-wheel steering—thus the one 
doesn't sell and the other isn't inter- 
ested in laying out an extra $1,500. 
Meanwhile, Mitsubishi, which has a 
four-wheel-steer version of the Galant 
on sale in Japan, is watching the U.S. 
market and has made no commitment 
to import that car yet. 
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Mes, I can attend your meeting,” 
| >= Rowland is saying into 
the phone. “But not the week af- 

ter that. The Salzburg Festival begins 
then, and we're not going to miss it." 
We're in Rowland's cluttered fifth- 
floor office in the physical sciences 
building of the University of Califor- 
nia at Irvine. Some of the decor is 
standard for any scientist: the book- 
cases crammed with reference vol- 
umes, the desk piled with reports, the 
computer blinking off to one side. But 
a lot of it is pure Sherry Rowland: One 
end wall adorned with sports trophies, 
including a red banner celebrating an 


impromptu basketball game in Sibe- 
ria ("The Russians wanted to play 
soccer, but I talked them into basket- 
ball); the other solid with opera post- 
ers—Eugene Onegin at the Bolshoi 
Theater, Simon Boccanegra at the 
Straatsoper. 

Lots of people have been coming to 
see Rowland, but not to talk about 
basketball or opera. For Sherry Row- 
land is the man who saved our planet 
—maybe. He did it toward the end of 
1973, out of pure intellectual curios- 
ity. In a few months of pencil-and-pad 
calculations and simple tabletop ex- 
periments, Rowland and a postdoctoral 
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More than 14 years ago Sherry Rowland blew the 
whistle on the ozone-destroying potential of chloro- 
fluorocarbons used in aerosol sprays, refrigerators, 


and automobile air conditioners. It took the dis- 
covery of an ominous hole in the ozone half the 


size of Antarctica to make people listen. 


By EDWARD EDELSON 
Drawings by Mitchell Albala 
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associate, Mario Molina, established 
that apparently innocuous industrial 
chemicals called chlorofluorocarbons 
(CFCs) were eating away at the upper- 
atmosphere ozone layer that shields 
us from harmful ultraviolet radiation. 
That discovery has led to some unprec- 
edented actions: a pledge by Du Pont 
to stop production of CFCs, an inter- 
national agreement to limit output of 
the chemicals, and a major scientific 
effort to understand what’s happen- 
ing to the ozone layer and how much 
its thinning could hurt us. 

The “maybe” is because Rowland 
and other scientists think that what's 
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been done so far probably isn't enough. 
The discovery of an ozone hole over 
the Antarctic has shown that under 
special conditions the ozone layer can 
be destroyed with frightening rapid- 
ity. Chemical calculations show that 
the same sort of reactions can hap- 
pen elsewhere in the stratosphere. Bi- 
ologists say an overdose of ultraviolet 
radiation could not only cause an epi- 
demic of skin cancer, but also destroy 
the base of the marine food chain. 
The CFCs we sprayed under our 
arms and pumped into our car air con- 
ditioners 20 years ago are still drift- 
ing up to the stratosphere to increase 
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the rate of ozone destruction. But at 
least we know what we're up against 
and have started to do something about 
it. And that's mainly because of Е 
Sherwood (everyone calls him Sherry) 
Rowland. “You can speculate as to how 
long it would have taken someone else 
to catch on to the CFCs, but that’s to- 
tally moot,” says Ralph Cicerone of the 
National Center for Atmospheric Re- 
search. “What created the tremendous 
surge in interest was the Molina and 

Rowland work.” 
When you chat with Sherry Row- 
land it’s hard to believe that for some- 
Continued 
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Gas collectors like the one Sherry Row- 
land is holding helped explain the 
ozone hole discovered over Antarctica. 
A Southern Hemisphere plot of ozone 
distribution (above) for Oct. 5, 1987, 
showed a value of less than 125 Dob- 
son Units (DU), a measure of ozone, 
for the black area. A reading of 109 
DU, taken the same day, was the 
lowest ozone value ever observed. 
The plot shows that the ozone hole 
covers approximately seven mil- 
lion square kilometers, or nearly 
half the area of the Antarctic con- 
tinent. The data were gathered 
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Spectrometer instrument on 
NASA's Nimbus-7 satellite, which 
is managed by the Goddard Space 
Flight Center. The values of the colors 
in DU of total ozone are shown in the 
color bar. 
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thing like a decade he was the focal 
point of immense pressures—from a 
powerful industry suddenly threat- 
ened by his theoretical calculations, 
and from atmospheric scientists prob- 
ing to find weaknesses in his conclu- 
sions. A few minutes with him is 
enough to tell you that his wry calm- 
ness in the days of his vindication can't 
be much different from his attitude 
when the controversy was at full boil. 

You could describe Rowland as a 
slightly shorter look-alike of John 
Kenneth Galbraith. (Galbraith is six 
foot seven inches; Rowland, six foot 
five.) Now in his 60s, Rowland still 
has the frame of an athlete. He plays 
in intramural softball and basketball 
games at Irvine and bodysurfs when 
he can. 

Born in Ohio, he served briefly in 
the Navy at the end of World War II, 
got his doctorate under the renowned 
chemist Willard Libby at the Univer- 
sity of Chicago, played semipro base- 
ball while in graduate school, and 
came in 1964 to Irvine to start the 
chemistry department. 

Making headlines is nothing new 
for Rowland. In 1971, when the world 
was agitated by reports of high mer- 
cury levels in tuna and swordfish, 
he and several colleagues obtained 
century-old fish from museums. They 
tested them with neutron activation 
analysis and found essentially the 
same mercury levels that were caus- 
ing alarm. The scare died quickly after 
that. 

His involvement with CFCs and the 
atmosphere stemmed from his view 
that *as a research scientist you ought 
to try something new every few years." 
In 1970 he was faring well as the 
chairman of the chemistry department 
at Irvine, specializing in radiochem- 
istry and doing work for agencies like 
the International Atomic Energy Ad- 
ministration and the U.S. Atomic En- 
ergy Commission. On a visit to Austria 
for an IAEA meeting he met William 
Marlowe, an AEC executive who was 
organizing a series of workshops to 
bring together chemists and meteo- 
rologists. He invited Rowland, who 
showed up at a meeting in Fort Lau- 
derdale, Fla., in January 1972. 

What intrigued Rowland was a 
paper written by James Lovelock, a 
brilliant British scientist who had in- 
vented an instrument called an elec- 
tron capture gas chromatograph that 
allows detection of small amounts of 
trace gases in the atmosphere. An- 
other scientist, Les Machta, told those 
gathered at the meeting that wher- 
ever Lovelock had set up his instru- 
ment he had detected a CFC called 
Freon-11. 

"This particular CFC was every- 
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where," Rowland says. "That gave me 
a new problem to think about: Did we 
know enough in the laboratory to pre- 
dict what would happen to it?" 


A safer alternative? 


CFC-11 is a member of a family of 
synthetic chemicals whose properties— 
especially their combination of high vol- 
atility and low chemical reactivity 
—make them an answer to industrial 
dreams. They were developed in 1930 
by Thomas Midgley, a research engi- 
neer working for a joint Du Pont-Gen- 
eral Motors operation, as a safer alter- 
native to the refrigerants then in use 
—sulfur dioxide and ammonia, which 
are corrosive and toxic. As their name 
indicates, chlorofluorocarbons contain 
chlorine, fluorine, and carbon, bound 
tightly to form inert molecules. Midgley 
cheerfully demonstrated the harmless- 
ness of CFC-12 at a 1930 American 
Chemical Society meeting by inhaling 
a lungful and blowing out a candle. 

The Freons, as Du Pont trade-named 
them, were quickly adopted by indus- 
try. Freon- (or CFC-) 11 and 12 went 
intorefrigerators and air conditioners, 
then later were used to make aerosol 
propellants and plastic foams found in 
everything from mattresses to fast-food 
cartons. CFC-113 was used аз а solvent, 
especially invaluable in the semicon- 
ductor industry. By 1973 world produc- 
tion of CFCs was approaching a mega- 
ton a year, much of it blown directly 
into the air through aerosol nozzles, 
more leaking out from refrigerators and 
air conditioners. But no one was wor- 
ried because the CFCs were so marvel- 
ously nontoxic and inert. 

It was in 1973 that Rowland asked 
the AEC, which funded his research, if 
he could study CFCs. They agreed, as 
long as he didn't spend any extra mon- 
ey. Mario Molina, a Mexican chemist 
educated in Europe and the United 
States, had just arrived at Irvine. Row- 
land offered him his choice of research 
projects, and Molina picked the CFCs. 
They began work in the fall of 1973 
and knew Earth was in big trouble be- 
fore the year was over. 

"It was that quick," Rowland recalls. 
"I suppose if you look at itin retrospect, 
the key was asking the question." 

As Rowland explains it, the problem 
was simple. Only three things can hap- 
pen to a molecule in the atmosphere. It 
can be photodissociated —broken apart 
by solar radiation. It can dissolve in 
water and fall in rain. Or it can react 
with an oxidizing substance in the 
atmosphere—sometimes ozone, some- 
times a hydroxyl. | 

A CFC is transparent, which means 
it doesn't absorb visible radiation. It 
doesn't rain out because it's insoluble 
in water. And its inertness means it 
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NASA Langley Research Center scientist Edward V. Browell 
monitors the plotter readout of his “ozone and aerosol dif- 
ferential absorption laser detection and ranging system". 
experiment. The experiment uses laser beams to analyze 
the atmospheric chemistry overhead a DC-8 by measuring 


doesn't react with oxidants. A month 
of study was enough to show that “this 
molecule will last for quite a while,” 
Rowland sums up. 

In fact, it will live long enough to drift 
into the stratosphere, the upper part of 
the atmosphere, where it will encoun- 
ter a different kind of solar radiation: 
the more energetic ultraviolet that is 
absorbed by the ozone layer. So Molina 
and Rowland began testing the inter- 
action of CFCs and ultraviolet. It wasn’t 
complicated, Molina recalls: They put 
some CFC into a container on a labo- 
ratory bench, exposed it to ultraviolet, 
and measured the absorption spectrum. 
The result: ultraviolet split some of the 
CFC molecules. 

Factoring in the rate at which CFCs 
diffused into the stratosphere, Rowland 
and Molina came up with an interest- 
ing number: The average lifetime of a 
CFC-11 molecule in the stratosphere 
was between 40 and 80 years. A CFC- 
12 molecule would live 80 to 150 years, 
they estimated. 

“We considered writing it up,” Row- 
land remembers. “But just to be more 
complete, we decided to figure out what 
happens to the decomposition products. 

“That’s when the bottom fell out.” 

About 78 percent of the atmosphere 
is nitrogen, and another 21 percent is 
oxygen. Both normally exist as two- 
atom molecules. But ultraviolet radia- 
tion can break oxygen molecules apart 
(see drawings), giving very reactive 
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atoms. Some of them combine to make 
a three-atom form of oxygen, which is 
ozone. Ozone is very reactive too. In the 
stratosphere it readily combines with 
nitrogen oxides (which are produced by 
living things and drift into the strato- 
sphere). Normally ozone formation and 
destruction stay in balance, creating a 
tenuous but vital ozone layer in the 
upper atmosphere— vital because it 
prevents most ultraviolet radiation 
from penetrating to Earth's surface. 


Cycle of destruction 


Toward the end of 1973 Rowland and 
Molina began to study the changes that 
would occur if the fragments of CFC 
molecules penetrated the ozone layer. 
One obvious decomposition product of 
a CFC is the chlorine atom. "At thirty 
kilometers [above Earth], its reaction 
with ozone is tremendous," Rowland 
says. “You get chlorine oxide and then 
repeat the process. You suddenly find 
you're not getting rid of the chlorine, 
you're getting rid of the ozone." 

Calculations showed that a lone chlo- 
rine atom would destroy one molecule 
of ozone every minute and would stay 
in the stratosphere for at least a year. 
Some chlorine atoms would combine 
with methane to form hydrogen chlo- 
ride, but the hydrogen chloride would 
react almost immediately with the hy- 
droxyl to release the chlorine atom 
once more, The cycle of ozone destruc- 
tion would stop only when the chlo- 


the reflectance from different layers of air. Browell is look- 
ing at the readout of stratospheric aerosols while the DC-8 
is flying directly over the South Pole. On the left is the read- 
out for ozone concentrations above the aircraft. The num- 
bers on the side indicate latitude and longitude. 
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rine diffused into the lower atmosphere. 

It was about that time that Rowland 
came home one night and told his wife, 
Joan: “The work is going well, but it 
looks like the end of the world.” 

In December Rowland called Harold 
Johnston, an atmospheric scientist at 
the University of California at Berke- 
ley, to tell him about the CFC work. 
Johnston had been active in studies 
about the possible effects of nitrogen 
oxides from the proposed U.S. super- 
sonic transport on the ozone layer. But 
he told Rowland that the possibility of 
a chlorine chain reaction had already 
been established by Ralph Cicerone and 
Richard Stolarski, then at the Univer- 
sity of Michigan. 

The National Aeronautics and Space 
Administration had asked Cicerone to 
study the space shuttle and the atmo- 
sphere. Because shuttle exhaust con- 
tains chlorine, Cicerone and Stolarski 
had worked out chlorine’s reaction with 
ozone. “As soon as we heard about Row- 
land and Molina’s work, it was clear 
that the CFCs were more important 
than what we had studied,” Cicerone 
recalls. Rowland and Molina had spot- 
ted the key ingredient for trouble: a 
major source of chlorine in the upper 
atmosphere. Cicerone immediately 
began studies to confirm the findings. 

Rowland and Molina sent a paper in 
January 1974 to the journal Nature. 
Through a series of mishaps, including 

Continued 
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the sudden decampment of an editor, it 
didn't appear until June. Rowland de- 
livered essentially the same report at 
a San Diego meeting in July. In Sep- 
tember, he and Molina estimated that 
if CFC production continued at the 
1972 rate, between 7 and 13 percent of 
the ozone layer would eventually be 
destroyed. 

Nothing happened at first. It wasnt 
until the American Chemical Society 
held a press conference for Rowland at 
its annual meeting in September, and 
the University of Michigan publicized 
Cicerone's work, that the press picked 
up the story. 


Environmental do-gooder 


The National Academy of Sciences 
appointed an ad hoc five-member panel 
(including Rowland) to find out whether 
the ozone problem was serious. Du Pont 
asked Rowland to give a talk; he did, 
and was listened to politely. Later, two 
Du Pont executives came to Rowland's 
office for a visit. "I had the impression 
they were casing the joint," he says. In 
parting, one of the visitors remarked 
that Rowland seemed to be an "envi- 
ronmental do-gooder,” a phrase that he 
remembers. “I suppose if one has a bi- 
nary view of the world, I probably am 
more comfortable with the do-gooders 
than with the polluters," he says now. 

Industry skepticism was understand- 
able. CFC production was a $2-billion- 
a-year business. And here was this pro- 
fessor saying it should be brought to a 
halt because of some theoretical calcu- 
lations. Measurements to confirm or re- 
fute the theory were difficult to perform 
because they required dealing with 
small concentrations of molecules in an 
atmosphere so thin it would be regarded 
as a vacuum on Earth’s surface. 

But as the measurements began to 
come in, the CFC-ozone problem be- 
came less theoretical. The National 
Academy of Sciences ad hoc committee 
decided the issue was worth a full-scale 
investigation and report, so a second 
NAS panel, with a dozen members 
(Rowland was not among them), was 
formed. A new interagency government 
committee on the Inadvertent Modifi- 
cation of the Stratosphere (IMOS) wrote 
a strong report in mid-1975, support- 
ing the seven-percent ozone-depletion 
prediction (and rushed it into print a 
month early out of fear that the White 
House might stifle it). 

Rowland remembers his first sight 
of the report. He was working in Vi- 
enna, Austria, walking home one eve- 
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different, and | 
is going 


ning to meet his wife. He saw her at a 
coffeehouse table, reading an Interna- 
tional Herald Tribune. “There it was, 
in the headlines,” he recollects. “The 
IMOS report was out.” 

The evidence continued to pile up. 
Measurements taken by the National 
Oceanic and Atmospheric Administra- 
tion showed a shrinkage of the ozone 
shield in the 1970s. And in 1975 a gov- 
ernment task force said use of CFCs in 
aerosol spray cans should be banned by 
the beginning of 1978. 

Du Pont called the recommendation 
premature and said at least three more 
years of study were needed, but the 
threat of a ban sent most companies in 
the aerosol-spray industry scrambling 
for substitutes—generally in the form 
of hydrocarbons such as propane, (By 
the time the ban went into effect, the 
spray-can industry found it could get 
along without CFCs.) 

But then came an industry coun- 
terattack—one that at first seemed to 
derail the ozone threat entirely. It was 
rooted, oddly enough, in work done by 
Rowland and Molina to explain one of 
the new atmospheric measurements. 

Balloon-borne samplers showed a 
substantial drop-off in hydrogen- 
chloride concentration above 20 kilo- 
meters, something out of line with the 
Rowland-Molina theory. Originally 
they had thought that chlorine nitrate, 
a chemical that’s also present at 20 ki- 
lometers, would be destroyed quickly, 
releasing chlorine atoms. Their new 
studies of the ultraviolet-driven chem- 
istry of the upper atmosphere came to 
a different conclusion. 

“In the lab, we found that the chlo- 
rine nitrate ultraviolet absorption cross 
section was not as large as previously 
hypothesized,” Rowland says. “So chlo- 
rine nitrate would not go away ina mat- 


ter of minutes but rather in a matter of 
hours. It is an important reservoir for 
chlorine atoms. Chlorine nitrate ties up 
chlorine, so it’s not able to attack ozone. 
Chlorine nitrate also ties up nitrogen 
oxides, keeping them away from the 
ozone too. Chlorine would still remove 
ozone at forty kilometers, but at twenty 
kilometers it would reduce ozone 
depletion by nitrogen oxides. There 
would be less ozone up above and more 
below.” 

Plugged into different computer mod- 
els of atmospheric chemistry, the 
chlorine-nitrate calculations produced 
wildly divergent results. Some models 

couldn't handle the problem at all. 

Others indicated that CFCs would 

have an almost negligible effect on 
atmospheric ozone. It was high un- 
certainty, and at the worst possi- 
ble time. The National Academy 
of Sciences panel had essentially 
concluded its report; preliminary cop- 
ies were circulating among the 12 mem- 
bers. Suddenly, publication of the re- 
port was put on hold. Rumors that it 
would be rewritten completely began 
to circulate. Friends recall the circles 
under Rowland's eyes in those days. 


A fatal flaw? 


"The industrial people had put a big 
stake on this report, saying they didn't 
want to issue any response about the 
seriousness ofthis problem until a cred- 
ible group like the National Academy 
of Sciences had looked at it," Cicerone 
says. "What we had done was to raise 
the stakes, to put tremendous pressure 
on the academy group. Now here came 
thiscurve ball. Everybody was wonder- 
ing whether this was going to be a fatal 
flaw in the Rowland and Molina theory.” 

The academy called an emergency 
weekend meeting of the modelers who 
had been running computer simula- 
tions of CFCs and the ozone. It was held 
in Boulder, Colo., at the National Cen- 
ter for Atmospheric Research, whose 
supercomputer was turned over to the 
modelers for the entire weekend. Ralph 
Cicerone remembers "staying up all 
night a couple of nights, doing calcula- 
tions, talking to colleagues and com- 
petitors, saying, ‘What in hell is going 
on? Мете getting very different 
answers. ” 

That Sunday night the modelers 
finally agreed on what was happening. 
When chlorine-nitrate reactions were 
factored in, the overall ozone depletion 
was within the 7-to-13-percent range 
Rowland and Molina had predicted, but 
the profile was different: almost no 
ozone in the upper stratosphere, more 
in the lower stratosphere. Knowing that 
ozone distribution could have a major 
effect on climate and temperature, 
Paul Crutzen, one of the most respected 
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atmospheric scientists in the world, 
looked at the results and said somberly, 
"Thisisnot my planet: The atmosphere 
is different, and the climate is going to 
be very different." 

During that weekend Cicerone and 
the others had ironed out the distort- 
ing effect of a couple of simplifications 
in the computer models. One was “so 
elementary that it makes people look 
foolish," Rowland says. Instead of a day- 
night cycle, modelers assumed a 24- 
hour day with sunlight at half inten- 
sity. Because chlorine nitrate is made 
only during the day, that simplification 
threw the model off by a factor of two. 
In addition, the modelers had not ac- 
counted for the fact that the ultravio- 
let radiation that breaks up chlorine 
nitrate is reflected from clouds and the 
ground, so that it goes through the at- 
mosphere twice— another factor-of-two 
error. When the models were adjusted 
for both factors, they came back to the 
ozone depletion range originally pre- 
dicted by Rowland and Molina. 

But before the picture became clear, 
the CFC industry saw an opening to 
exploit. It called press conferences and 
sent out news releases questioning the 
ozone-CFC theory. One typical headline 
of the time: "Is the ‘Threat’ of Aerosols 
Going Pffft?" 

The academy report, issued in the fall 
of 1976, upheld the basic thrust of the 
Rowland-Molina theory but gave the 
CFC industry a couple oftalking points 
by estimating the range of ozone de- 
pletion as anywhere from 2 to 20 per- 
cent and saying a CFC ban wasnt 
needed for a year or two. The aerosol 
spray ban went through nonetheless. 

And then— nothing happened. 

The scientific studies continued, gen- 
erally accumulating evidence to sup- 
port the original Rowland-Molina 
numbers. But regulatory action came 
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to a halt. Sweden, Norway, and Can- 
ada banned CFC aerosol spray use, but 
most other countries did nothing. In the 
United States CFC production for air 
conditioning and refrigeration pro- 
ceeded in a business-as-usual fashion. 
The search for alternative chemicals pe- 
tered out in a few years as industry cut 
spending. A second National Academy 
of Sciences report in 1979, which esti- 
mated ultimate ozone depletion at a 
startling 15 to 18 percent, had almost 
no impact. About the only major devel- 
opment was a congressional mandate 
for NASA to study the ozone problem 
and issue a report every two years. 
"That became the action item—to make 
a report rather than have regulatory 
control," Rowland says wryly. 

He kept plugging away at the issue, 
except for a five-month interruption 
that tells a lot about the man. The Row- 
lands’ son was seriously hurt in an auto 
accident in San Diego toward the end 
of 1978. The parents moved there to be 
with him; Sherry Rowland worked as a 
hospital orderly for five months, until 
hisson recovered enough to come home. 

When Rowland went back to the lab- 
oratory, he started on a different line 
ofstudy, looking at the atmospheric dis- 
tribution and fate of a chemical called 
methyl chloroform. Rowland picked it 
as a model for the CFC replacements 
he knew would be necessary sooner or 
later. It has the carbon-hydrogen bonds 
that are essential if a molecule is to be 
destroyed in the lower atmosphere, be- 
fore it can affect the ozone layer. Among 
other things, Rowland started a pro- 
gram in which air samples are gath- 
ered every three months across the 
Pacific Ocean to measure trace gases 
released by human activity. 

But the sense of urgency had evapo- 
rated for the CFC industry. It formed 
something called the Alliance for Re- 
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sponsible CFC Policy, which solicited 
money from companies in the business 
and began hinting broadly that controls 
needn't be so tight. 


Hole over the pole 


What turned everything around was 
a report from a rather obscure group 
called the British Antarctic Survey. 
The group had been using an instru- 
ment called the Dobson spectrophotom- 
eter to measure ozone concentrations 
over its South Pole stations, adding its 
numbers to records maintained since 
the International Geophysical Year in 
1957. Early in the 1980s the numbers 
began to look odd. The Survey was re- 
cording a massive depletion of strato- 
spheric ozone in the Antarctic spring. 

The first reaction was disbelief. The 
spectrophotometer was shipped back to 
Britain for recalibration, and a new ma- 
chine was brought in. Experts flew in 
from England to check the findings. But 
by 1985 the data showing existence of 
an Antarctic ozone “hole” were firm 
enough to be published in the journal 
Nature. 

"Not too many of us took it seriously," 
says Cicerone. "There were two reasons. 
First, have you ever heard of the Brit- 
ish Antarctic Survey? And second, these 
were point measurements, so all you 
could say wasthat something was hap- 
pening locally at two stations in the 
Antarctic." 

There was another reason for disbe- 
lief. Two instruments aboard a U.S. sat- 
ellite, the Nimbus-7, had been moni- 
toring Antarctic ozone. Their data, 
which were processed by a computer 
program, showed no excessive ozone de- 
pletion. A group including Richard 
Stolarski, now at NASA, began a re- 
examination of the original data, stored 
on tape. What the members found as- 

[Continued on page 102 | 
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By NAOMI J. FREUNDLICH 
Drawing by Dean Ellis 


| here’s been a nuclear attack. 
T^ incoming warhead has just 

struck a key U.S. defense site and 
knocked out the region's power grid, 
leaving the country's ground-based 
missile-defense system without power. 
In the meantime, the United States 


has less than 10 seconds to fire laser 


weapons at the next round of incom- 
ing missiles. Where will the power 
come from? An emergency electrical 
generator takes 15 minutes to spin up, 
and power is required instantly. The 
solution: tap into giant energy-storage 
rings that can deliver an awesome 
1,000 megawatts to the lasers within 
30 milliseconds. 

These storage rings do not exist yet, 
but the Strategic Defense Initiative 
Organization (SDIO) plans to build a 
football-field sized prototype by the 
end of 1994, 

The heart of the underground ring, 
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Rings 


Plans are underway to build a huge underground superconducting coil that can store energy 
indefinitely. The coil will hold enough power to energize a space-defense laser and will act as a 
storage bank for offsetting fluctuating power demands on utility plants. 


called a superconducting magnetic 
energy-storage (SMES) ring, is a su- 
perconducting coil cooled by liquid he- 
lium to temperatures nearing absolute 
zero. At those temperatures the coil 
will have no electrical resistance, and 
the current can be stored almost in- 
definitely. 

Energy storage rings could also 
serve an important role for utilities. 
By storing excess power generated 
during off-peak hours and releasing it 
into the grid during peak hours, the 
ring could increase utility efficiency. 

Experts believe that a SMES unit 
could be built almost anywhere, and 
because it would have no moving parts, 
it would be easy to maintain. And if 
efforts succeed in developing high- 
temperature superconductors [July 
'87, April '88], refrigeration costs will 
drop substantially, making a SMES 
system more practical in smaller 
sizes. 

“Гуе been trying for eighteen years 
to get funding to build a SMES for a 
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large utility," says Roger Boom, direc- 
tor of the University of Wisconsin's 
Applied Superconducting Center in 
Madison. A portly man with glasses 
and a fringe of gray-white hair, he 
was not dissuaded when the funds did 
not materialize. But then came SDIO 
with new reasons for investing in the 
technology. 

“We need a system that will provide 
about one gigawatt of power available 
immediately when the battle starts," 
explains Capt. Paul Filios, technical 
adviser to the Defense Nuclear Agen- 
cy (DNA), the agency overseeing the 
SMES project for SDIO. "We can't get 
that kind of power straight from the 
power grid. For one, the grid might 
not be there after an attack. And sec- 
ondly, we need the energy equivalent 
of what a nuclear power plant pro- 
duces in a fraction of a second." The 
actual figures are classified, but a 
free-electron laser weapon [Dec. 87] 
would require at least 1,000 mega- 
watts of electricity in "о of a second. 
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The heart of a SMES is the current- 
carrying conductor that is coiled 
around the ring 550 times. The num- 
ber of coiled conductors varies from 
one to four, depending on the design. 
Each conductor is composed of tens of 
thousands of 27-millimeter-wide fila- 
ments made from superconducting 
niobium-titanium alloy and embedded 
in copper. In Boom’s design, these fila- 
ments are embedded in unalloyed, 
extremely pure aluminum, a soft ma- 
terial about the consistency of tooth- 
paste that is an extremely good con- 
ductor. If the superconductor warms 
up slightly and becomes resistant, the 
high-purity aluminum will carry the 
current. 


Keeping it cool 


Another conductor concept being de- 
veloped by Bechtel National in San 
Francisco uses a ropelike cable of su- 
perconducting strands contained in a 
stainless-steel tube. The voids in the 
tube are filled with liquid helium to 
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keep the conductor at 1.8 degrees Kel- 
vin (minus 456 degrees F). 

To ward off warm-up in Boom's de- 
sign, the coil will be surrounded by a 
vacuum vessel that acts like a giant 
thermos bottle with superfluid liquid 
helium inside. Moving outward from 
the thermos, several heat shields are 
cooled to temperatures progressively 
higher than 1.8 degrees K and fur- 
ther protect the coil. 

In November 1987 SDIO (through 
DNA) awarded two $15-million con- 
tracts to develop plans for a test SMES 
unit. One contract went to Ebasco 
Services in New York and the other 
to Bechtel. One company will be cho- 
sen in the spring of 1990 to build the 
device. It will have a 300-foot diame- 
ter and be capable of storing about 20 
megawatt-hours of electricity —enough 
to power 1,000 100-watt light bulbs 
for 200 hours. The model must oper- 
ate in two modes: fast discharge for 
the ground-based laser (400 to 1,000 
megawatts for 100 seconds), and slow 


A superconducting magnetic storage 
(SMES) unit will be tied into the com- 
mercial power grid for utility use, 
charging up during low-demand night 
hours and discharging power during 
peak-use daytime hours. To energize a 
space defense laser, a mechanical 
switch can be flipped to release all the 
stored energy at once. A full-size SMES 
will be % of a mile in diameter, with 
aluminum walls. Fiber-epoxy struts 
carry the forces that are generated by 
the superconductors' strong magne- 
tism from the coil to the surrounding 
rock wall. The superconducting coil is 
encased in structural aluminum and 
kept near absolute zero inside a liquid- 
helium vessel. 


discharge for utility applications (10 
to 25 megawatts for two hours). 

The design must also solve less ob- 
vious problems. When the SMES is 
first cooled down to super-low operat- 
ing temperatures, the entire ring, in- 
cluding the coil and aluminum sup- 
port structure, will shrink several feet 
and tend to move inward toward the 
ring's center. But if the ring needs 
maintenance, the liquid helium will 
be drained out and the ring will warm 
up, causing it to expand. To accommo- 
date strain on the coil, the ring must 
have some radial leeway. 

One idea championed by Boom's 
group is to have two conductors and 
an aluminum support structure be- 
tween them ripple radially around the 
ring (see drawing). "The nodes of the 
ripple will be fastened through struts 
to the rock wall," says Boom. "When 
the coil cools down, those nodes stay 
fixed while the radius between the 
ripples contracts." 
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Ten years ago Steve Jobs took the PC from 
the hacker’s hands and made his Apple com- 
puter a legitimate tool for schools and busi- 
nesses. Revolution number one. Then he 
dared firms like IBM to catch up. When they 
did, Jobs released the Macintosh, a totally 
new way of computing. Revolution number 
two. Now, just as everybody’s beginning to 
mimic the Mac, Jobs strikes again. Now he 
has a one-foot-cube desk-top that challenges 
a mainframe's power at a fraction of the 
price. Revolution number three? It could be. 


Jobs’ 
revolutionar y 


By WILLIAM J. HAWKINS T he three guards pace nervously in front of the locked 


SAN FRANCISCO doorways, stopping only occasionally to glance down 
at a timetable sheet or to mutter single-word senten- 
ces into a walkie-talkie. One guard suddenly looks up after 
hearing a brief crackle from the hand-held. It’s time. 
The doors swing open wide, and I’m one of the first to 
enter. Within minutes all 3,000 seats in the Davies Sym- 
phony Hall are occupied, and voices dance off the acousti- 
cally engineered walls around me. Except for a podium 
and a bouquet of flowers, the stage is bare. The lights 
dim, the crowd hushes immediately, and a spotlight catches 
the single figure walking onto the stage. He raises his 
hands in welcome. “It’s good to be back,” says Steven P. 
Jobs. The crowd goes wild. 
| We're here to see a new computer—appropriately called 
^ the NeXT computer—that we've been promised will bring 
C J/ new meaning to the words “state of the art.” But we're 
m. not 3,000 spectators: We're 3,000 participants waiting for 
E^ IS a new chapter of computing history to begin, eager to see 
p^ j j what Jobs has to show us after his three-year disappear- 
— ^ ance from the industry. To many of us gathered in the 
= M К. j | hall, Jobs represents American entrepeneurship at its best 
— | —he’s an incurable romantic nobody wants to see fail. 
Р As I watch the highly polished showman, I can't help 
PHOTO BY JOHN В. CARNETT reminiscing about the kid who started in his parents’ ga- 
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new СО 


rage, who enlightened and frustrated friends and compet- 
itors alike, and who became known as “the John McEnroe 
of business.” 

Jobs, 33, is at home on the massive stage as he casually 
moves about. Wearing what appears to be an expensive 
Italian hand-tailored suit, he’s a far different individual 
from the sneaker-and-jeans-clad 22-year-old I remember 
meeting 11 years ago at a computer flea market in Atlantic 
City. 

That was shortly before he and friend Steve Wozniak 
began working on computer designs in Jobs’ parents’ 
garage. “I wanted to build computers to show friends at 
the computer club,” Wozniak once said. “Steve wanted to 
sell them.” 

From the beginning, Jobs had a velvety vocabulary. When 
Wozniak needed test equipment, Jobs called William Hew- 
lett, president of Hewlett-Packard, and simply asked him 
for it. Hewlett—either stunned or impressed —gave it to him. 
When the two friends needed money, they sold Jobs' Volks- 
wagen bus and Wozniak's scientific calculator to raise 
$1,200. And when they needed guidance, Jobs convinced 
Regis McKenna, owner of a prestigious public-relations firm 
in California, and Nolan Bushnell, designer of the Atari 
video game, to help. 

It was McKenna who introduced me to Jobs in Atlantic 


ase Jobs (pictured here) 
= planstosell his NeXT 
== computer soon. Near- 
| ly all circuitry is on 
wane! а one-square-foot 
maaan board (left). Among 
2 its 45 integrated cir- 
cuits are a 68030 
microprocessor and 
68882 floating-point 
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| EE Bae: E TIT a | lion instructions per 
E. КТР =a second) digital signal 
S9 processor, and two 

VLSI chips for main- 


framelike input-out- 
put control. The NeXT system (below) has a 17-in. black- 
and-white display (two bits per pixel for shades of gray), 
a one-cubic-foot computer, keyboard, mouse, and optional 
400-dots-per-in. laser printer. Up to 256 megabytes of data 
are held on a 5.25-in. read-write-erasable optical disc (bot- 
tom left). A magneto-optical disc drive uses laser heat to 
sensitize a magnetic spot on the disc for writing or erasure. 


pnus 
— 


City. Holding out a prototype printed circuit board, Jobs 
hurriedly explained that he used a new type of switching 
power supply that was half the size of systems used by 
companies like Imsai, Mits, and Processor Technology. But, 
alas, his computer was incompatible. Add-on circuit boards 
wouldn't work; standard software couldn't be used. It was 
an improbable machine that even had a funny name: Apple. 
It was christened in memory of a pleasant summer Jobs 
had spent working in the orchards of Oregon. Jobs told 
me it was revolutionary. I told him to put a box around it 
at least. 

Jobs moves to the podium, jogging my mind back to the 
present. “To define the next wave in computers we collab- 
orated with the most adverse and demanding group of 
computer users in the world," Jobs says. He asked 24 col- 
lege professors from around the country what would be 
needed in the NeXT computer. ^What we learned," says 
Jobs, “was that people in higher education want a per- 
sonal mainframe.” What Jobs delivered is a computer with 
features that exceed the academics' original wish list: 

e A Mach operating system created at Carnegie-Mellon 
University that's compatible with the widely used UNIX 
system developed by AT&T. It has true multitasking (the 
ability to do many things at the same time) but in a simple- 

Continued 
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to-use package. Unlike UNIX, according to Jobs, “Mach 
is usable by mere mortals.” 

e Speed: Able to process 32 megabytes of data per sec- 
ond (throughput), with fast floating-point math and mul- 
tiple-array processing using Motorola’s new 68030 micro- 
processor and two custom VLSI (very. large scale integra- 
tion) chips for high-speed multiple input-output control. 
(Fast PCs, such as 386 computers, operate at about 10 
megabytes per second; $35,000 work stations at around 
20; and million-dollar mainframe computers at around 40.) 

e Sixteen megabytes of internal memory and 250 mega- 
bytes on a new erasable optical disc. 

e A large million-pixel (picture elements) screen for ex- 
tremely clear graphics. 

€ PostScript, a standard for printers, is used on the 
screen too. So what you see is what you print. 

® Fast, transparent Ethernet networking to link 
machines. 

e CD-quality stereo sound, digi- 
tal audio input for digitized speech, 
and digital signal processing for such & à 
things as speech recognition. 

e Built-in fax and modem. (An op- 
tional phone-line junction box must be 
added to the back of the computer.) 

€ Open architecture design, so fu- 
ture hardware and software can be 
added easily. 

€ Everything in a small, quiet box. 

€ Price: $6,500. 

"And it's all here," beams Jobs, as 
he reaches under the podium to ex- 
tract a one-foot-square printed circuit 
board. He waves it at the crowd like a 
father displaying pictures of his first- 
born child. “It’s the most beautiful 
printed circuit board I’ve ever seen in 
my life." The throng responds with a 
mixture of laughter and applause. 

Jobs has matured, and learned from 
past mistakes by soliciting the advice 
of people who are to be the ultimate 
users of his machine. It was not that way in the early 
Macintosh days at Apple Computer. 


While Wozniak continued to work on the Apple II, Jobs' 


interest had turned to his own vision: the Macintosh. Later, 
at the Mac's introduction, a reporter asked Jobs what kind 
of market research he had done to find out what people 
wanted. Jobs shot back, "Did Alexander Graham Bell do 
any market research before he invented the telephone?" 

That bluntness also characterized his relations with fel- 
low workers. One colleague finally gave Jobs a copy of the 
"Miss Manners" book. Another was nearly fired for insisting 
that the Mac have cursor keys, a feature Jobs considered 
obsolete. Apple's elite "Mac group" had perks—like an on- 
call masseur—but constantly had to put up with Jobs' 
whims. One of the group remembers Jobs returning from 
a shopping spree and insisting that the Mac look like a 
Cuisinart food processor. 

While the Cuisinart idea passed, others didn't. Admit- 
tedly, most made the Mac a revolutionary machine, but 
Jobs’ striving for “elegance” hurt it. The Mac lacked a fan, 
which Jobs believed was only needed to aid an inelegant 
design. But without it, the Mac could not use a hard disk. 
And Jobs would not provide a letter-quality printer with 
the machine. Both the disk and printer were considered a 
necessity for the computer to be used in business, and the 
Mac failed to gain its expected momentum. 

The “fun” of working for a leader who once rented out 
Disneyland for a day was gone—and so was Wozniak, who 
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shriek of laughter 
overcomes one viewer. 
It’s the shrill of a 
game-show contestant 
who has just learned 


he’s won the car , , 


later said: “Even in personal conversations, you could never 
really tell what he was thinking" The company was in 
trouble. Jobs turned to John Sculley, then president of Pepsi- 
Cola USA. “If you stay at Pepsi, five years from now all 
you'll have accomplished is selling a lot more sugar water 
to kids," Jobs told him. "If you come to Apple, you could 
change the world." Sculley didn't change the world, but he 
did change Apple... and that included removing Steve Jobs 
from power. 

"The board's got the most aggressive use of surface- 
mount technology in the world," says Jobs in an effort to 
quell the clamor of the crowd. "And it's built completely 
untouched by human hands." 

The board contains a mere 45 integrated circuits, but 
squeezing all that was needed onto a square-foot surface 
meant placing some parts as close together as the width 
of a human hair. To accomplish that routinely and uni- 
formly, Jobs built a totally automated factory in Fremont, 
Calif. From start to finish, robot arms 
and conveyer belts delicately handle 
each board during its 20-minute pro- 
duction time. 

To package the board, Jobs origi- 
nally hired a European designer. But, 
as he tells the story, more work was 
needed. “They called about two 
months later and told us we had to 
get on the next plane to Europe to see 
what they'd come up with" Jobs and 
a few associates arrived the next day 
and drove to the studio. "They gave 
us this really fantastic buildup," says 
Jobs. "Every computer was going to 
look like this, they said." Moments 
later they unveiled their new design. 
“It was a human head,” says Jobs. 
"The boards plugged into the back of 
the skull. We got a new designer.” 

As the audience groans, Jobs moves 
to the other side of stage and with 
little fanfare removes a black drape 
discreetly covering a group of compo- 
nents. “This i is the machine of the nineties,” he proclaims. 
“The NeXT computer.” 

In Jobs’ favorite descriptive word, it’s elegant. Sleek. 
All black. Made of magnesium for better heat dissipation. 
It’s got a separate keyboard, a monitor held up by a rather 
odd-looking mechanism that tilts it to virtually any posi- 
tion, and a one-foot-cube box that contains the computer 
circuit board and power supply. For future expansion “there 
are slots to fit three more boards in here,” says Jobs, touch- 
ing the cube. “And the power supply works anywhere in 
the world. No switches. No fuses. You find the power cord, 
it works.” 

The back of the black-and-white monitor (color is ex- 
pected later) contains a speaker and jacks for the key- 
board, mouse, printer, Walkman-type earphones, and for 
attaching the computer to your stereo sound system. A 
single three-meter-long cable attaches the monitor to the 
cube. 

On the table is yet another black shape, and Jobs moves 
to it quickly. “This is the NeXT laser printer,” he says 
proudly. “It’s sixty percent of the size of existing laser 
printers, but it’s got twice the resolution.” 

Driven by a Canon engine, the printer has a straight 
paper path to avoid jamming, and it prints up to 400 dots 
per inch. “It can print three hundred dots per inch too,” 
says Jobs. Then he chuckles. “That’s sort of its graphics 
mode.” Price: $2,000. 


single 
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DRAWING BY RUSSELL VON SALIERS 


A BMW 325i test car (top) equipped with Teves ABS and 
traction control passes a tough test: starting from a dead 
stop and climbing an incline with extreme differences in 
grip coefficient. The right wheels are on asphalt kept ice- 
free by embedded heaters, while the left wheels are rolling 
on glare ice. 

Traction-control systems (above) developed by manufac- 
turers in Europe and the United States typically add three 
components to a car's existing ABS hardware: extra hy- 
draulic valves to apply the brakes, a traction-control com- 
puter, and an electromechanical actuator that regulates the 
engine's throttle butterfly. When a wheel sensor detects a 
wheel spinning on acceleration, the computer directs the 
hydraulic unit to send, braking pulses to that wheel, redi- 
recting engine torque through the differential to the wheel 
with better traction. At the same time, the computer selects 
a throttle setting appropriate to the traction available. 


LAKE ARVIDSJAUR, SWEDEN 

t's bone-achingly cold outside. People are wearing fat 

| parkas that make them look like Michelin men. The 

West German test engineer sitting next to me in the 

BMW 325i tells me to drive to one end of this frozen lake 

where the ice is kept free of snow. The brake pedal shud- 

ders under my foot as the test car’s anti-lock braking sys- 

tem brings us slowly but controllably to a stop. “Now go 

again," he tells me. After producing lots of rear wheelspin, 
I have to confess: “I can’t do it.” 
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^Now I will turn on the traction control," the engin- 
eer announces, flipping a rocker switch on the instru- 
ment panel with a flourish. I gingerly release the clutch, 
and as surely and steadily as the ABS system had 
brought us to a stop, this new enhancement lets us pull 
smoothly away. 

The convincing demonstration was arranged by ITT 
Teves, a West German producer of brake systems, which 
maintains a cold-weather test center here, 60 miles from 
the Arctic Circle. Teves was anxious to show off its ver- 
sion of traction control, a logical outgrowth of ABS 
that puts some of the anti-lock system's components to 
work "backward," if you will, to combat wheelspin on 
acceleration. This feature— which approximates some 
of the traction benefits of four-wheel drive, but on the 
cheap—will be available on a growing number of ABS- 
equipped cars in the United States beginning in the 
1990 model year. 

As I stepped on the BMW's gas pedal, the toothed wheel- 

[Continued on page 105] 
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By ARTHUR FISHER 
Photos by John B. Carnett 
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Chinon Genesis main con- 
trols fall under fingers of 
right hand. Little-used con- 
trols—multiple exposure, 
self-timer, and backlight 
compensation—are on left 
side of camera. Though a 
true single-lens reflex, Gen- 
esis uses an autofocusing 
system typical of point- 
and-shoot models. 
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Four new cameras have bi- 
zarre shapes that work with 
advanced technology to 
bridge the gap between 
point-and-shoot models and 

sophisticated single-lens 
reflexes. 


Yashica Samurai’s ver- 
tical shape, easy to hold 
with one hand, is dic- 
tated by half-frame 
format, with film travel- 
ing vertically through 
camera. Liquid-crystal 
display shows print- 
able day/date or time, 
frame number, and 
flash mode. 


WEIRD CAMERAS 


or more than 60 years, ever since 
the introduction of the Leica in 
1924, the shape of the 35mm cam- 
era has been virtually inviolate. The 
Leica, actually invented in 1913 by 
Oskar Barnack but delayed by war 
and post-war upheavals in Europe, 
was the first small easy-to-operate 
camera that used 35mm film. Bar- 
nack established the now-standard 
frame, or picture size, for such cam- 
eras: 2436 millimeters, with the long 
dimension along the axis of the film 
roll. To obtain the standard horizon- 
tal composition, the film had to travel 
horizontally through the camera. And 
that dictated the Leica’s shape: the fa- 
miliar shallow box, wider than it is 
tall, comfortably held in two hands, 
with a lens barrel protruding from the 
front. That has been the basic confi- 
guration for 35mm cameras. 

No more. The cameras you see here 
—the Yashica Samurai, the Chinon 
Genesis, the Olympus Infinity Super- 
Zoom 300, and the Ricoh Mirai—have 
broken the mold. Their unaccustomed 
shapes, bizarre though they seem, are 
not stylists’ fantasies designed to in- 
trigue through novelty. The objective 
has been to create a new category of 
camera—a bemused industry has var- 
iously called them “bridge,” “inte- 


YASHICA 


grated," and "new concept" cameras. 
These would attract photographers 
[er handcuffed by the limitations 
E» of the point-and-shoot cam- 
eras (cynics call them 
à PhDs for “push here, 
EN dummy”) yet unwilling 
aN to submit to the com- 
| plexities of full-fea- 
| tured single-lens re- 
~% flexes with their 
IL usual cargo of extra 
А m. 3 lenses, flash units, 
di j E and other impedimenta. 
Bh. The shapes of this 
y. new kind of camera thus 

Р derive from engineering 

"AM considerations, from their 

designers' aim to imbue the 
cameras with specific capa- 
bilities. Take the Yashica 
Samurai. It's not horizontal 
at all, but is held upright, 
{| looking strikingly like a sim- 
f, ple (film) movie camera. And 
{| theSamurai’s shape is deter- 
, mined by the vertical path the 
film travels through it. The 
reason: The Samurai takes 
half-frame pictures on 35mm 
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Olympus Infinity Super- 
Zoom 300 has rocker 
switch (labeled W for wide 
and T for tele) to operate 
power zoom lens. LCD in- 
dicates when film has | 
loaded correctly. Multiple 
windows on face of non- 
SLR camera reveal view- 
finder, built-in flash, and 
infrared beam source for | 
low-light autofocusing. | 
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Ricoh Mirai uses standard 
SLR autofocusing system— 
phase-detection. Alone in this 
group, Mirai shows the pho- 
tographer lens aperture and 
shutter speed data in the view- 
finder. A hinged door conceals 
little-used controls. When dis- 
tance to subject is too great, 
the pop-up flash signals be- 
fore an exposure is made. 


film, images that measure 17 x24mm. 
Yashica, for various reasons, calls 
this format "double 35mm.” 

Visualize a standard frame 36mm 
wide and 24mm high. Divide it in half 
with a vertical line, with a 2mm space 
to separate the two halves. The result 
is two frames, each 17mm wide and 
24mm high—a vertical format. But 
most amateur photographers, espe- 
cially snapshooters, prefer a horizon- 
tal picture. If the film moved through 
the camera in a conventional way and 
the photographer held the camera nor- 
mally, he would get vertical pictures 
instead of the horizontal ones he re- 
ally wanted. To get a horizontal shot, 
he'd have to turn the camera on its 
side. And that's exactly what happens 
with conventional-looking half-frame 
cameras. It's one of the reasons they 
have never really been successful, de- 
spite recurring revivals, ever since 
they appeared after World War I. 

Yashica attacked the problem by 
having the film travel vertically, from 
bottom to top, a move that dictated 
the camera's novel geometry. The re- 
sult is a slender, compact, really er- 
gonomic camera that can be operated 
with one hand. 

One of the advantages of half-frame 
has always been the obvious one: twice 
as many pictures from the same roll 
of film. But there was always a sacri- 
fice of image quality compared with 
the full 35mm format, especially no- 
ticeable in enlargements. The same is 
true today; the laws of physics have 
not changed. Given the same film, a 
larger negative yields a better print 
than a smaller negative. 

Continued 
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What has changed, though, is the 
quality of negative film itself, which 
is much improved. It is now possible 
to get perfectly acceptable enlarge- 
ments from half-frame negatives in 
the popular 3'-by-5-inch size, using 
a 100-speed film. I used Kodacolor 
Gold 100; a 400-speed film, however, 
produced unacceptably grainy prints. 

In Japan 97 percent of all color 
prints are made in this size. And there 
the Samurai has been selling like 
kakoyaki. Masaaki Hiwatashi, senior 
managing director of Kyocera Corp. 
(Yashica’s parent), says more than 
60,000 Samurais were sold in Japan 
within three months of introduction. 

Packaged in the Samurai's sleek de- 
sign are a number of capabilities that 
go beyond what is available with the 
typical point-and-shoot camera, a prop- 
erty shared by the other cameras in 
this report. Of course it has all the 
automatic features now familiar: au- 
tofocus with both single and continu- 
ous AF modes; auto exposure with 
automatic backlight compensation; au- 
tomatic flash; DX film coding; and a 
built-in Auto-Date function that prints 
the date, day/hour/minute, or nothing 
at all—user’s choice. 

Unlike point-and-shoot models, 
which are range finder cameras, the 
Samurai is a true single-lens-reflex 
camera, even though that lens is not 
interchangeable. That confers the ben- 
efits of through-the-lens exposure me- 
tering and autofocusing as well as 
through-the-lens viewing; the photog- 
rapher sees what he will get, without 
parallax (the error resulting when the 
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viewing system is offset from the lens). 
And the viewfinder is of the "high- 
eyepoint" type, so the entire field can 
be seen even with the eye somewhat 
back from the eyepiece—a boon for 
eyeglass wearers. 

But it is primarily with their zoom 
lenses that the makers of the Samu- 
rai and two of the other cameras in 
this group hope to wean photographers 
away from the point-and-shoot stand- 
bys. The Samurai shown here has an 
f/3.5—4.3 lens with a powered zoom 
range of 25—75mm, the equivalent of 
35-105mm in full-frame format. 
That's a zoom ratio of three times 
(thus the model designation x3.0). 
Even when a point-and-shoot camera 
has a zoom lens—and most do not— 
the zoom ratio is a modest two times, 
more or less. And last October at Pho- 
tokina '88 (the world's largest photog- 
raphy show, held every two years in 
Cologne, West Germany), I saw a new 
addition to the Samurai family, the 
model x4.0, not yet introduced in the 
United States. Its power zoom ratio is 
a hefty four times, from 25—100mm, 
corresponding to 35—140mmi in full- 
frame format. 


Three of a kind 


The other three cameras offer simi- 
larly enticing bundles of features. AI- 
though they differ from one another 
in important respects—two are SLRs, 
for example, one is not—they share a 
physical family resemblance. They cer- 
tainly don't look like a traditional 35, 
but more like a small camcorder: com- 
pact, lightweight, with easily gripped 
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bulges of futuristic materials—shapes 
determined both by ergonomic design 
and the fact that they each house a 
noninterchangeable zoom lens that 
has been made an integral part of 
the camera. It is no surprise that one 
of them, the Chinon Genesis, was 
sculpted by Yasuhiko Nadayama, a pi- 
oneer in video-camera design. “We 
wanted a unique design to match this 
new type of camera,” he has said. 

The two cameras that resemble each 
other most closely, although they are 
essentially different, are the Genesis 
and the Olympus Infinity SuperZoom 
300. Each has a padded strap through 
which the photographer slips his right 
hand to grasp the camera, with fingers 
resting comfortably on various buttons 
and controls. Each has many of the 
automated features of sophisticated 
point-and-shoot cameras. 

But the Genesis is an SLR, albeit 
a fairly simple one, so viewing is 
through the lens. In the prism view- 
finder the photographer sees only 
LED signals, which indicate whether 
the picture is ready to be taken and 
whether the flash is ready to fire. 

Unlike most autofocusing SLRs how- 
ever, the Genesis does not use a phase- 
detection focusing system [“Autofocus 
Hocus-Pocus," March '88], but rather 
an infrared system like that used in 
the rangefinder point-and-shoots. The 
f/4.1—6.4 35—80mm lens is manually 
zoomed with a lever. 

The look-alike Olympus Infinity Su- 
perZoom 300 is in some ways the re- 
verse of the Genesis. It is not an SLR, 
but it uses the phase-detection auto- 
focusing system typical of AF SLRs. 
And its zoom lens, а 38-105mm f/4.5— 
6, is powered. 

This zoom has a unique capability. 
The camera can be set to one of two 
“auto-zoom” portrait modes in which 
the lens automatically changes focal 
length to frame either a head-and- 
shoulders or a full-length picture of a 
person no matter what the distance 
(within reason) from the camera. 

Like the Genesis (and the Samurai), 
the SuperZoom provides no indication 
of shutter speed or aperture in the 
viewfinder. Nor does this information 
appear in the top-mounted LCD pan- 
els of these cameras (rear-mounted on 
the Samurai), which do provide frame 
number, battery condition, mode, and 
the like. There is simply no way to 
gauge how open the lens is or how 
fast the shutter speed. 

Most buyers of these ultra-compact 
but full-featured cameras will never 
miss such data; by and large they are 
the ones who resist top-of-the-line 
SLRs because they prefer not to wres- 
tle with the complexities of depth-of- 
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Doctor radiator 


The PoPULAR SCIENCE auto-repair pro shows that it's really easy to 
remove and replace your radiator when you know what to expect. 
Step-by-step diagnosis and repair instructions follow. 


By BOB CERULLO 
Drawings by Russell von Sauers 


our front-wheel-drive General 
Motors car with a transverse- 

Г mounted engine has been run- 
ning hotter than normal. The car has 
begun to lose its cool in bumper-to- 
bumper city traffic, overheating on a 
few occasions. 

After a quick check, you can't find 
any coolant leaks, so you decide the root 
of the trouble has to be a clogged radi- 
ator. Although you've never removed a 
radiator, you are confident you can han- 
dle the job. But as you are about to 
find out, there is a right way and a 
wrong way to do it. 

In the following pages I will guide 
you through diagnosing cooling sys- 
tems and the delicate job of removing 
a radiator and installing a new one. 
Along the way I will point out several 
common errors made by beginners. 

The primary rule when it comes to 
radiator repair is to diagnose the cool- 
ing system before doing any repair 
work. Just as a good physician will de- 
termine a patient's disease before op- 
erating, you must become a radiator 
doctor to figure out what is at fault 
before lifting a wrench. 

When a radiator is operating prop- 
erly, it extracts the engine's waste heat 
from the coolant and transfers it to the 
outside air. To do that, coolant must 
flow freely through the radiator tubes. 
Air must also flow freely over and 
around the radiator's individual tubes. 
At highway speeds fresh air is directed 
to the radiator, but when the going 
gets slow, the radiator fan must force 
cool air through the radiator. 

Everyone knows that when the core's 
surface becomes covered with dirt and 
debris, or the radiator's internal tubes 
become clogged with corrosion, heat 
quickly builds up, resulting in the fa- 
miliar clouds of billowing steam vapor 
that accompany overheating. But in 
my experience as a professional me- 
chanic, I've found that clogged radia- 
tor tubes are often blamed for poor 
cooling-system performance, whether 
they are at fault or not. Based on that 
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Getting to know your radiator inside 
and out is essential to diagnosing a 
cooling-system problem. Diagnosis is 


often erroneous assumption, would-be 
mechanics remove the radiator with- 
out knowing the true cause of the prob- 
lem. That is what you are about to do. 

You start out by opening the petcock 
at the base of the radiator, draining the 
coolant into a pan. After putting the 
pan aside, you disconnect the upper and 
lower radiator hose clamps. The upper 
hose slides off with no problem, but the 


the first step to doing the correct re- 


see тезе ee ee 
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pair job to cure a cooling system that 
is overheating. 


lower hose is stuck fast to its connec- 
tor. You think you might be able to pry 
it free with your largest screwdriver, but 
you only succeed in mangling the soft 
brass connection pipe. On your last 
swipe the screwdriver slips, scoring the 
core's surface and leaving a deep groove. 
You aren't too concerned, though, be- 
cause the radiator has to be repaired 

Continued 
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anyway and a few extra leaks won't 
make a big difference. 

When hoses are difficult to remove, 
the best way to get them free is to cut 
several slices in the hose, near the con- 
nector. In this way the hose can be 
peeled away without damaging the 
connector. In any event you should re- 
place old hoses and clamps. 

Your next area of attack is the trans- 
mission-coolant lines. Using only an 
open-ended wrench you try to loosen 
the fittings, but the upper fitting holds 
tight. As you force it, the fitting's brass 
nut becomes rounded. So you clamp 
vise-grip pliers onto the nut. The fitting 
still holds firm, but the soldered con- 
nection between the tube and the radi- 
ator shears off. 

Whenever you disconnect a fitting 
from a radiator, use a tube nut wrench 
that wraps around the fragile nut to 
protect the fitting. It is also a good idea 
to use a backup wrench whenever pos- 
sible. As for tough-to-remove fittings: 
Do not force them; try using a small 
tubing cutter to cut away a straight 
section of the pipe. Later, you can in- 
stall a compression fitting to reconnect 
the tubing. At this point it's a good 
idea to plug the transmission lines to 
prevent transmission fluid from drain- 
ing out. And always check the trans- 
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Pressure-test the cooling sys- 

tem by pumping it up to operat- 
ing pressure while the engine is cold. 
Leaks can be safely traced without risk- 
ing being sprayed by hot antifreeze or 
being burnt by hot engine parts. 


When opening the transmission- 
line fittings, always use a tube nut 
wrench, and a back-up wrench when 
space allows. It is easy to damage the 
fitting's nuts with an open-end wrench. 
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mission-fluid level after the radiator 
is reinstalled. 

Once you disconnect all the hoses and 
tubes, start to unbolt the radiator. Re- 
move the fan shroud if it might get in 
the way later. 

Radiators are generally attached 
with four or six bolts on either side. If 
they haven't rusted, they are simple 
enough to remove. However, it is easy 
to miss some of the square rubber 
cushions on which the radiator sits. 
Sometimes they stick to the bottom of 
the radiator or to the rail on which 
the radiator rests, or they may be lost 
in transit. Make sure the cushions, 
which protect the radiator from shocks 
and vibrations, are present before you 
reinstall the radiator. On this trans- 
verse-engine GM car there is an extra 
hazard—a motor mount that extends 
from the car's frame to the front of the 
engine. You should carefully loosen 
such a mount and keep it away from 
the radiator's surface. 

Once the radiator is completely dis- 
connected, it's time to pull it out. Stand- 
ing in front of the car with your hands 
on the radiator's sides, you manage to 
angle the radiator safely out of the en- 
gine bay. You avoid contact with any 
sharp edges, like the fan blade, exhaust 
manifold, or the loosened. motor mount. 
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Check the water pump by pulling 

on it and trying to rock the pul- 
ley back and forth. If there's too much 
play, the bearing may be worn out and 
the pump should be replaced. 


On newer cars a coolant sensor 
(next to the distributor on this car) 
operates the radiator's electric cooling 
fan. If it is defective, the car will quickly 
overheat in city traffic. 


Now you are ready to take the radiator 
to the repair shop. 

The soft radiator core is vulnerable, 
and once it has been removed, it should 
be sandwiched between two pieces of 
corrugated cardboard. 

If you are in doubt about there ac- 
tually being a problem with the radi- 
ator, ask the radiator repairer to tell 
you about any leaks, clogs, or defects 
that were found. Explain that you are 
trying to solve an overheating problem. 

If the radiator flow is restricted, the 
radiator repairer may suggest remov- 
ing the tanks to check each tube indi- 
vidually or just replacing the entire 
core. Often cars with radiators dam- 
aged in a front-end collision have core 
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When all the hoses and tubes have 
been removed, the radiator must 
be carefully angled out to avoid sharp 
objects still in the engine bay (shown 
with arrows): motor mount, exhaust | 
manifold, and transmission-fluid lines. 


areas that were soldered off. While this | 
technique saves money on the repair 
bill, it cuts down on the cooling ca- 
pacity and efficiency of the radiator, 
making it, in effect, a smaller radiator. 

As it turns out, the radiator shop's 
owner tells you your radiator is free of 
defects, except those you inflicted dur- 
ing removal. With the core surface so 
badly cut, the damage done to the trans- 
mission-fluid cooler, and the badly 
mangled hose connection, the cheapest 
way to get your car back on the road is 
with a new radiator. The only real de- 
fects in the original radiator were those 
caused by your inexperience. 

After buying and installing a new 
radiator, your car still has the same 
overheating problem, so you go to a 
mechanic for help. He starts out with 
a cooling-system pressure test, which 
shows there are no leaks. Next he does 
a combustion-leak test to make sure 
there are no internal leaks that might 
allow exhaust gas to bubble into the 
cooling system. He draws air from the 
radiator through a blue test liquid. Any 


Your cars cooling system: What's wrong, and where 


Before attempting any repair work, it is best 
to know where you stand and what needs 
fixing. A step-by-step plan of attack for diag- 
nosing your car's problem will be time well 
spent, avoiding costly unneeded work. 

It is easier to find a coolant leak under pres- 
sure, so the first step is to pump up the cool- 


' | ing system. While this can be done by letting 
| the engine heat up and the coolant pressur- 


ize, it is safer and easier to use a pressure 
tester. (When you find a leak, it is better to 
be sprayed by cold coolant than to be scalded 
by hot antifreeze.) The pressure tester con- 


sists of a hand pump that fits over the radia- 


tor cap and a pressure gauge. Do the same 
pressure test after you complete the job. 
All modern automotive cooling systems are 


d designed to operate under pressure to raise 


the coolant's boiling point and efficiency of 
heat transfer, Not only will a leak cause the 
system to loose coolant, it will cause the cool- 
ant to boil at a lower temperature, making a 
boil-over easier. 

Coolant can escape through a number of 
places; the most common are a leaking hose 
and clamp. If the pressure test reveals no 


leaks, check the engine core plugs. Core plug - 


leaks are generally difficult to spot, and you 
will need to get under the car and search care- 
fully and check each plug. The best clue to a 
leaking core plug is a greenish drip of cool- 
ant you might find clinging to the starter or 
motor mounts. While under the car, check 
the water-pump weep hole where possible 


| (found on the bottom of the water-pump cast- 


ing) for drips or coolant residue. 
When you're stumped, look for more exotic 


leaks, such as the heater core. Drips of cool- 


ant may show up on the floor mat on the driv- 


| er's side or may come from the air-conditioner : 


trace of combustion gas would make 
the liquid turn yellow. Your engine 
passes the test. 

Everything else, including the ther- 
mostat, core plugs, and pressure cap, 
checks out fine, yet the car still runs 
hot and begins to overheat in city traf- 
fic. The mechanic decides to see if he 
can duplicate the conditions by run- 
ning the car in drive with the wheels 
blocked to simulate city driving. This 
puts stress and load on the engine and 
cooling system similar to what you 
would encounter in a typical traffic jam. 
After about 15 minutes the engine gets 
hot, with occasional bursts of bubbles 
in the coolant recovery tank. At that 
point the engine's electric cooling fan 
Should be turning to pull cool air over 
the hot radiator tubes; it is not. On 
some cars with electric fans, turning 
on the air conditioner automatically en- 
gages the fan, but most of them use 


. Stove. As the water heats up to boiling, the 
close as the water cools. This simulates the 


up to operating temperature. If it opens too 


evaporator housing. One sure sign of a heater 
core leak is the sweet smell of coolant ac- | 
companied by a fogging of the windshield when 
the defroster is used. Examine the coolant- 
recovery tank and its plumbing for leaks. | 
The thermostat can be quickly checked by 
putting it into a pan of water on the kitchen 


thermostat should pop open. It should then 


thermostat's action as the engine coolant heats 


soon or remains open, performance, efficiency, 
and emissions will suffer. : 

The real trouble begins when the therrho- 
stat doesn't open. Coolant will be trapped in 
the water jacket and will not transfer heat away | 
from the engine. À loud banging sound usu- | 
ally precedes the geyser of billowing vapor that | 
accompanies overheating. 

Next, look at and grasp the water pump's 
pulley, trying to rock it back and forth. It 
should move freely. If it feels loose, the bear- 
ings may be worn out. 

Remember too that air must flow across the | 
radiator tubes. If the airflow to the front of | 
the radiator is restricted by debris on the ra- 
diator's face or a problem with the cooling 
fan, cooling will be seriously reduced. Older 
cars will have either a direct-drive fan pow- 
ered by a belt, or one that is activated by a 
heat-sensitive clutch: Check the belt tension 
for slippage. On newer cars there is a temper- 
ature-sensor control and an electrical fan; both - 
should be checked. 

Even after you think you've found the source 
of your cooling-system failure, continue along 
with the diagnostic checks. Multiple causes | 
could be at the root of your car's overheat- - 
ing.—8B. C 


a temperature sensor to start the fan. 
It doesn't take long to figure out that 
the engine coolant sensor, which trig- 
gers the fan circuit, is defective. Using 
Jumper cables to ground the sensor 
wire turns on the fan, and the temper- 
ature gauge begins to drop slowly. Once 
the engine cools down, a new coolant 
sensor in installed. Your car now keeps 
its cool wherever you drive it. 
Solving the overheating problem was 
more complicated than necessary be- 
cause you didn't diagnose the problem; 
and the solution came at a high price. 
Getting your car's coolant system un- 
der control ended up costing $220. The 
price of the coolant sensor was only 
about $20, but you also had to pay 
$200 for the new radiator, which you 
didn't need in the first place. In any 
auto repair, diagnosing the problem be- 
fore you undertake a repair is the key 
to success. Gs) 
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Billions of tiny dye-filled capsules capture images in a new low-cost film. To develop the film, 
just squeeze it between rollers. A new family of office copiers, slide printers, and other hard- 
ware will soon deliver crisp color images. 


By JOHN FREE 


р 


MIAMISBURG, OHIO 
eter Gottschalk, a research 
chemist at Mead Imaging, dabs 
a few drops of reddish liquid onto 
a glass slide from an opaque plastic 


jar. Then he covers the fluid with an- 
other slide. “Watch closely,” he says. 
“It'll take just a second.” As he holds 
the slides near a fluorescent light in 
his lab, the liquid hardens, binding 
the slides together. He repeats the 
show with blue and yellow fluids. 


These light-sensitive fluids, mixed 
with other chemicals and sealed in 
tiny micro-capsules about one-tenth 
the diameter of a human hair, are the 
key components in a new color photo- 
imaging process dubbed Cycolor. While 
the technology seems similar to pho- 
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Software juggler for Macs 


The screen on my Macintosh SE computer was filled with 
windows. A file visible in one window was on its way to 
MCI Mail. In another window an Excel spread sheet ran 
through a set of calculations. Two word-processing files, 
an appointment calendar, and a graphics image appeared 
in other windows. ; 

I jumped from one program to another with a single 
mouse click in an elapsed time of about one second. 
Transferring data or graphics between programs was al- 
most as fast. 

"This is what we've been dreaming about," said a fel- 
low computer junkie. "Is it as good as it looks?" 

The answer: almost. Apple Computer's new MultiFinder, 
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now supplied free with all new Macintoshes, is a software 
controller that enables the machine to juggle a variety of 
programs. Given enough memory, it’s capable of running 
all of your software concurrently. 

For people like me, who want fast access to several pro- 
grams without the time-consuming drudgery of closing 
one then loading another, MultiFinder is a major step in 
desk-top computing. It gives Macintosh the “split person- 
ality” offered only by mainframe computers a few years 
ago. 

Unlike earlier programs such as Switcher, which also 
allowed users to jump between programs in different win- 
dows, MultiFinder provides true multi-processing. A com- 
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tography, Cycolor film is not based on 
conventional silver-halide chemistry, 
You process Cycolor simply by squeez- 
ing it between rollers. Mead Imaging, 
a division of Mead Corp. in Dayton, 
will make the film widely available 
for low-cost color reproduction. 

Others will produce hardware. 
“We're currently involved in several 
joint development programs with 
companies that are developing color 
copiers, a thirty-five-millimeter slide 
printer, color computer printers, and 
color hard-copy devices for electronic 
cameras,” says MI president Charles 
W. Joiner Jr. 

Mead’s new color-imaging technol- 
ogy evolved from the carbonless-paper 
forms it manufactures. When you type 
or write on these forms, you crush 
micro-capsules on the back surfaces 
that are filled with a transparent dye. 
A developer on the front surface of du- 
plicate sheets activates the dye and 
reproduces the impressions. 

In 1980 Fred Sanders, who was a re- 
searcher at Mead’s central lab, devel- 

oped and tested the concept that 
led to capturing color im- 


ages with micro-capsules (see dia- 
gram). But the earliest versions of the 
technology required costly high-power 
sources of ultraviolet or blue light 
called photoinitiators to activate the 
light-sensitive chemicals used. 

“It was impossible to conceive of a 
simple copier or slide printer because 
it requires sensitivity to red, green, 
and blue light,” says Dick Wright, MI's 
technology vice president. White light 
from low-cost bulbs contains these col- 
ors. By mid-1985 Mead had concluded 
that practical hardware demanded 
photoinitiators sensitive to all visible 
light. But major camera-film compa- 
nies had already invested millions of 
dollars trying to develop simple photo- 
initiation chemistry (unlike the com- 
plex processes in today’s color films). 
“The experts at Kodak, Polaroid, Fuji 
Photo, 3M, and Agfa-Gevaert all told 
us it was impossible,” says Joiner. 


Spring test 


With remarkable speed, Mead 
proved otherwise. “In November 1985 
there was a commotion in the lab,” 
Wright recalls. “I was told to ‘go see 


Pete [Gottschalk] quickly: ” As Wright 
hurried into the organic chemistry lab, 
Gottschalk held up two microscope 
slides stuck together with a magenta- 
colored material. "It works with green 
light," Gottschalk told him excitedly. 
"In a few months the same type of 
chemistry was used to make a red- 
light-sensitive photoinitiator. And in 
the spring of 1986 the first experimen- 
tal Cycolor material using this new 
chemistry was successfully tested," 
says Wright. 

During a tour of MI, I spotted rows 
of barrels for mixing Cycolor chemi- 
cals in a small pilot plant. A separate 
$40-million 120,000-square-foot plant 
was to begin producing Cycolor last 
year. Color reproductions made with 
pilot-plant Cycolor and prototype hard- 
ware had good quality, but MI prom- 
ises enhancements. "If you parallel the 
development of our technology with 
that of photography, we are barely in 
the infant stage," says Wright. “We 
expect to see improvements in light 
sensitivity, control of contrast, and 
image quality far beyond our current 
system." | 
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munications session in one window, for example, continues 
to transfer or receive data even while you're typing a let- 
ter or entering spread-sheet data in another window. 

Unfortunately, MultiFinder does not allow background 
printing, except with an Apple LaserWriter. Using the 
ImageWriter dot matrix printer or any non-Apple printer 
still locks up the system, sending users out for coffee until 
printing ends. That's because the printing instructions and 
MultiFinder require too much memory to work together. 
They're like two fat people trying to share a chair. 

Though MultiFinder works with only one megabyte of 
random-access memory, Apple recommends two megabytes. 
My Mac has 2.5 megabytes of RAM, and I've encountered 
"out of memory" messages more than once. 

In practical terms, 2.5 megabytes are enough to run a 
word-processing program, a data base, and HyperCard (a 
true memory hog) simultaneously, with room left over for 
a communications or graphics program. Windows for the 


A slide image reflected from a mirror onto Cycolor film hard- 
ens some micro-capsules coating the film donor sheet, mak- 
ing them uncrushable. The film has capsules filled with cyan 
(blue), magenta, and yellow dyes. The red image of the apple, 
for example, hardens capsules filled with cyan dye, leaving 
the magenta and yellow capsules soft. After exposure, the 
donor sheet, pressed against the receiver sheet, passes be- 
tween pressure rollers. In areas where red light fell, still- 
soft magenta and yellow capsules release dyes that mix 
together. When these dyes from the donor film sheet trans- 
fer to receiver paper or a transparency sheet, they react 
with a coating to make the final red picture. Brief heating 
enhances the image. Similarly, green light hardens magenta 
capsules, leaving soft cyan and yellow capsules to create 
green. And blue light hardens yellow capsules, leaving cyan 
and magenta dyes to make blue image areas. Any color can 
be reproduced with the right proportion of dyes. The cap- 
sules (or cyliths, in Mead's terminology) range in diameter 
from 2 to 12 microns (millionths of a meter), but average 5 
to 6 microns in size. More than 2.5 billion capsules cover 
an 8'5-by-11-in. sheet of paper. 


programs can be sized to fill the screen or occupy only a 
small corner of it. 

The instructions that make Mac and MultiFinder work 
use about 450,000 bytes of memory. The rest is available 
for other programs. As each program is activated, a block 
of memory is allocated to it and its data. For a spread 
sheet containing massive amounts of data, for instance, 
you set aside a large chunk of memory. Once the program 
is loaded, that memory block can't be used by other 
programs. 

When you exit a program, its memory block remains 
intact. Another program, the same size or smaller, can be 
loaded into it. But any excess memory in the block is sim- 
ply wasted. 

Even with these limitations, MultiFinder saves time and 
lets you easily "cut" material from one file and "paste" it 
into another. It opens windows in the mind as well as on 
the screen.—Jim Schefter 
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NEW 
NAMES 


LUXURY 


By DON SHERMAN 


Nissan and Toyota will soon challenge BMW, 
Jaguar, and Mercedes-Benz at their own game. 
For any hope of success, the new Infiniti and 
Lexus supersedans must be world class. 


of the more ambitious tasks ever undertaken by 

the Japanese. So how do the likes of Nissan and 
Toyota expect to stand toe to toe with the acknowledged 
champions in the high-stakes game of supersedans? By 
trying that much harder, by building superior cars, and 
by exceeding the expectations of the world's most demand- 
ing customers. There is no other way. 

Next fall, when these two new Japanese-made super- 
sedans hit the market, the buying public will decide 
whether Nissan and Toyota deserve to be ranked with the 
true automotive aristocrats. To whet the collective appetite 
and help everyone make up his mind as soon as possible, 
both manufacturers have peeled back the wraps for a peek 
at their upcoming flagships. 

While the Lexus (the luxury division of Toyota) LS 
400 and Nissan's Infiniti division's Q Series don’t look alike, 
they share a surprising number of common characteristics. 
Both are large four-door sedans with front-mounted engines 
that drive the rear wheels. Both are powered by all- 
aluminum four-cam 32-valve 90-degree V8s with electronic 
fuel injection, and both cars have an electronically controlled 
four-speed automatic transmission. Nissan and Toyota also 
concurred on speed-sensitive rack-and-pinion steering and 


C onfronting the European car-building elite is one 


fully independent control-arm-type suspensions. Four-wheel 
disc brakes with anti-lock control will be standard equip- 
ment on these Japanese luxo-sedans, as will air bags. 

The Lexus LS 400, backed up by four years of research 
and development, including the construction of some 450 
experimental prototypes, is slightly smaller and more 
traditionally styled than its Infiniti counterpart. I inspected 
a prototype LS 400 at an exclusive press preview in 
California recently. If it had a three-pointed star on the 
hood, the LS 400 could pose convincingly as a future- 
generation Mercedes-Benz. The interior, lined with polished 
walnut, meticulously wrinkled leather, and easy-to-read 
vacuum-fluorescent-illuminated analog instruments, cer- 
tainly looks the part. 

The sleek coachwork of the LS 400 registers a C4 of 
0.29, one of the lowest coefficients of drag ever attained 
on a production sedan. The four-liter engine develops an 
impressive 250 horsepower, capable of propelling the car 
to a reported top speed of 150 mph. During gear changes 
electronic controls cut back on engine torque to smooth 
out shifts. One piece of interesting equipment is a traction- 
control system that features an electronically controlled 
throttle plate upstream from the fuel system's standard 
mechanical plate. If traction is lost, the electronic throttle 
plate partially closes, cutting back on available power to 
prevent runaway wheelspin. Other technical highlights 


MANUFACTURERS' SPECIFICATIONS 


INFINITI Q SERIES LEXUS LS 400 
Wheelbase (in.) 113.4 110.8 
Length (in.) 200.4 196.7 
Width (in.) 71.9 71.7 
Height (in.) 56.3 55.1 | 
Track (front/rear, in.) 61.8/62.0 61.6/61.6 | 
Curb weight (Ibs.) 3,800 3,700 | 
Coefficient of drag 0.32 0.29 
Engine displacement (liter/cu. in.) 4.5/274 4.0/242 
Н 270 @ 6,000 rpm 250 @ 5,600 rpm 
Torque (Ib.-ft.) 280 @ 4,000 rpm 260 © 4,400 
Acceleration 0—60 mph (sec.) 7.3 Not revealed 
Top speed (mph) 144 150 


2m ! —  —- 


JT 


include a self-dimming liquid-crystal rearview mirror, a 
steering column that tilts into position when the key is 
inserted in the ignition, an optional air suspension with 
electronically controlled spring and damping rates, and 
triple-decker-sandwich body panels (steel-plastic-steel) to 
reduce vibration. 

The Infiniti Q Series will roll forth with a more avant- 
garde design and slightly larger exterior dimensions. It 
will be powered by a 4.5-liter V8 developing more than 
270 hp, good for a top speed of 144 mph, according to 
Nissan. To smooth out acceleration, the Infiniti will pull 
away in second gear, dropping down to first only at near- 
full throttle. The Q Series sedan also possesses tantalizing 
technology: variable intake-valve timing, an optional 
suspension with four-wheel steering, and fluorocarbon- 
resin-impregnated paint that never needs waxing. The Q 
Series’ automatic climate control system is engineered so 
the blower is no noisier operating at high speed than at 
low speed. The rear window is made of heat-reflecting glass, 
which makes the car easier to cool. 

Will price tags in the $30,000 to $40,000 bracket, top 
speeds in the vicinity of 150 mph, and the promise of 
impeccable quality draw upper-crust consumers to the 
Lexus and Infiniti supersedans? For the answer to that 
question we must all wait patiently for initial test drives. 
Meanwhile, the pride of Japan hangs in the balance. 


When they become available in fall 1989, the Lexus LS 400 
(far left) and Infiniti Q Series (below) will challenge the world's 
premier luxury sedan makers. The cars will feature powerful 
all-aluminum quad-cam 32-valve V8 engines (the Lexus 4-liter 
250-hp unit is shown at left) to drive these sleek supersedans 
to Autobahn- 


bashing top speeds of near 150 mph. 


JANUARY 1989 | 81 


тч 
№ m 


fater-bast 
varnis 


: now tough enough for floors 


Ll 


82 | POPULAR SCIENCE 
c 


© 


Ву ТЇМОТНҮ О. ВАККЕ 
Lead photo by Burt Plotkin 


He has never tried this before. 

Forgetting his father’s instruc- 
tions, he runs up to the line, closes 
his eyes, and lets go of the large, heavy 
black ball. It flies through the air and 
crashes to the shiny wood floor,’ roll- 
ing a few feet before it drops into the 


T: nine-year-old boy is nervous. 


:gütter. The boy smiles sheepishly and 


asks, “Can 1 try again?" 
Bowling alleys take a lot of 
punishment, so their surfaces have | 
to be tough, right? That's what 
researchers at Basic Coatings 
thought when they developed a 
water-based finish for bowling | 
alleys more than a decade ago. | 
Now the company is about to in- 
troduce a wood finish for consum- 
ers based on that formulation. 
With that, Basic Coatings will 
nungber among a handful of water- 
based floor-finish pioneers—Fa- 
bulon Products and Hood Prod- 
ucts are others. They are the van- 
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O 


tomers, like foam rubber, that wear 
extremely well but are difficult to 
make stable in water. a 

"The trouble with conventional ure- 
thane varnish," says Chris Rice, a 
spokesman for the Environmental Pro- 
tection Agency, “is that it emits VOCs 
[volatile organic compounds], which 
react with oxides of nitrogen in the 
atmosphere to form ozone, a danger- 
ous pollutant.” The EPA has issued 
guidelines concerning VOC emissions, 
and ‘some states, California being the 


gue 
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Water-based paint changed the face of the paint indüstry. The stage i is now set for a | repeat | 
performance with varnishes. A surprise: Some products are even usable on floors. 


Oo 
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3 
But if you tied String between them, 
you'd form a net that would hold your 
me Tha?s what cross-lmkers do: 
tie the polymers together.” Un- 
ше tently, however,.catalysts were in 
the form of п additive that made the 
two-part finishes. difficult to handle 
and apply effectively, and suitable only 
for professional use. 

Now Basic Coatings : and H | Prod- 
ucts have come’ out with uncatelyzed 
urethane-acrylic formulations. New 
self-cross-linked polymérs have been 
developed that: don’t depend on 
catalysts for their strength, says 
Sundell. Basic Coatings will in- 
troduce a consumer product sim- 


finish in a few months; Hood's 
Hydrocote Polyurethane can be · 
ordered by mail. 
Fabulon’s Cryst 
ond generation of its Aqua Fabu- 
lon finish [April '83], isan acrylic 
formulation that dos use à sepa- 


1 finish, a sec- 


to Lionel Nosenchuck, manager of 
Fabulon products, the fortifier has , 


guard of the clear wood-finishing emp "Hydroliné, typical of water-based been made easier for homeown- 


standard of the future: water- varnishes, dries clear—even after 10 coats (left). 
Oil-modified urethanes impart an amber cast. 


based varnish. 

Why the trend toward water- 
based varnish? How does it work, and 
how does it differ from traditional fin- 
ishes? What are its advantages and 
disadvantages? 

Loosely defined, a varnish is a so- 
lution of resins—usually urethane 
with some acrylic— dissolved in oil or 
other solvent to give a glossy surface 


to wood. Acrylics are forms of plastic; 


like Plexiglas. They generally work 
well in a water base, but have prob- 
lems with wear resistance, so usually 
must be mixed with urethanes for in- 
creased durability. Urethanes are elas- 


о 


first, promise to restrict the sale of сег- 
tain products based on them. 

The advantage of water-based ure- 
thanes and acrylics is the near-ab- 
sence of VOC fumes—what evaporates 
is mostly water. However, to make the 
products dry hard enough for floors, 
it has always been necessary to add 
catalysts, or cross-linkers. 

“Think of the polymer resins in se- 
lution as individual balls,” says Mike 
Sundell, national product manager for 
Basic Coatings. “If you tried to walk 
among the balls, you’d fall through. 


ers to use. Crystal is the only 
- water-based floor varnish now 

readily available to consumers. : 
(Wood Armor, from Deft [Alliance, . ~ 
Ohio] is also a water-based acrylic, but . 
is not intended for floors.) nox usd 

Many other wood-finish. companies 
to whom I spoke admitted to ongoing 
research in the water-base area, some 
forecasting new-product introductions : 
in the next year or two. It seems that 
low-VOC water-based pda arethe 
wave of the future. Bg 


MANUFACTURERS OF WATER-BASED FLOOR FINISHES: - 


Basic Coatings, Box 677, Des Moines iA 50303; Fabulon ^. 
Products, Box 1505, Buffalo NY 14240; жгт». 2 


Вох 163, Freehold: NJ 07148 у 
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No space for a shop where you can make home pro- 
jects and repairs? Lift the sturdy top of this hand- - 
some oak sideboard, and it becomes a workbench. Its 
drawers and cupboards store the tools you'll need. Full 
plans for the sideboard and two simpler benches that 
masquerade as furniture are on the following seven 
pages. One of them should be right for you. 


SIDEBOARD WORKBENCH 


By PHIL McCAFFERTY 
Photos by Mike Mitchell Photography 


he recent “Superbench” 
(Sept. '87] was based on the 
POPULAR SCIENCE Staff's idea 
of the ultimate workbench: 
ES — шешн Ен Жы a husky two-bench design 
ШШ ES аза ааа <= ESET made to flank a table saw 
хтела \ 11) ا‎ SE n SS or radial saw. One problem with the 
concept: It takes a lot of space. “But 
what about those of us who don’t have 
that kind of shop space—or any shop 
space,” said Executive Editor Richard 
L. Stepler, who calls a Manhattan loft 
his home. “Couldn’t we design a work- 
bench for people who live in apart- 
ments and condos or just don't have 
space for a shop? Couldnt we design 
a workbench that would double as a 
piece of furniture?" 

Staff and consulting editors be- 
gan the brainstorming process that 
must precede actual design: The bench 
should be contemporary in style and 
most likely spend its leisure time as 
a sideboard. For convenience, it must 
be quick to convert from workbench 
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to furniture. And because bench-top tools cannot be per- 
manently mounted on top, the bench would have to fea- 
ture quick-mount bench-top tools and have lots of space 
inside to store tools and hardware. 

Because it isnt likely you would undertake large jobs 
in a living-room or family-room setting, the bench was 
designed for light to moderate duty. While it’s primarily a 
woodworking bench, we wanted the 
unit to be adaptable for hobbies, crafts, 
and repair projects that require a work 
surface and storage space. 

We assumed that the builder of this 
bench would have limited space and 
tools to construct the unit, so we de- 
signed it without complicated joints 
and with easy assembly in mind. It 
can be made with portable tools. 

For both the furniture top and the 
work surface beneath, I chose an at- 
tractive new material called Matte- 
wood. This versatile and tough mate- 
rial is made up of thin strips of oak 
glued together on edge. (A major ar- 
ticle on this new workshop material— 
including projects to build with it— 
is being prepared for a future issue.) 

While the workbench design is con- 
temporary, it could be adapted to fit 
your personal needs, style, and space. 
Using different drawer pulls, staining 
the oak, using a different kind of wood 
or using trim moldings are just a few 
ideas. By eliminating the working top 
and permanently fastening the outer 
top, the project can function strictly 
as a sideboard. Or by eliminating the 
hinge-up outer top the design func- 
tions solely as a workbench. 

If you want the convenience of stor- 
ing all of your tools in the bench, 
multi-use tools are the best choice. A 
portable sander that clamps down to 
become a bench sander and a sabre- 
saw base that allows dual use of that 


fi Smaller bench-top tools are mounted 
on base plates for quick attachment; 
rear of plate is held with lift-up pins; 
front, with clamp block. H Other tools 
store in compartments, which can be 
customized with shelves. A small shop 
vacuum is a must. El Attach %-in.- 
square strips around top of frame; sta- 
tionary bench top is screwed to these 
through oversize holes. ØB Lockable 
drawers store many tools. Note that 
clearance must be cut in outer sides of 
end drawers for vise rods. El Holes to 
clear these rods are located and drilled 
in end panels by blocking up the vise 
assembly and marking locations prior 
to assembling ends of bench. @ Vise 
can be used with bench dogs to clamp 
long pieces (as for sanding). Note cen- 
ter right the drop-leaf-style support 
that toggles the hinged lid in its up- 
right position. Bottom photo shows 
array of tools bench can store. Hand 
tools mount inside lid with strip mag- 
nets or in positive-retention cases. 
When your job will create a mess, cover 
floor with a tarp notched to fit around 
base of bench as shown at right. 
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tool are good options. When selecting bench-top tools, pick 
the smallest ones that will do your work. If you plan jobs 
that could soil the floor area, consider getting a painter's 
drop cloth, a tarp, or some heavy plastic film to protect 
the floor. Cut a 22-by-55-inch notch in it to fit around the 

bench base and tape or weight the edges. 
Do not do painting, finishing, or stripping in a liv- 
Continued 
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ing area. Heavy jobs—like cutting large pieces of wood 
—are best done outside or by a lumber dealer. The lift-up 
bench top is fitted with a lock, which should be secured 
when the bench isnt in use. If there are children in the 
house, all doors and drawers also should be lockable. 
Having a workbench in a living area also requires spe- 
cial attention to dust control and cleanup. A small shop 
vacuum is a must. When possible, select tools that either 
have vacuum exhaust ports or dust collector bags. 


SOURCES OF PRODUCTS USED IN THE SIDEBOARD WORKBENCH 

“W. S. #ХХХ" items called out on the drawing refer to catalog items from The Woodworkers’ 
Store, 21801 Industrial Blvd., Rogers MN 55347; Mattewood: Trus Joist Corp., Box 60, 
Boise ID 83707; 7" vise (413PG): Woodcraft Supply, Box 4000, Woburn МА 01888; Dubno 
and Kaldet finishes: Livos, 614 Agua Fria St., Santa Fe NM 87501; magnetic tool holders 
and outlet strip: Harbor Freight, 3491 Mission Oaks Blvd., Camarillo CA 93011-6010 
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The bench is constructed from ?4-in. lumber core oak ply- 
wood and ?4-in. oak lumber where it will show, "'5-in. fir 
plywood and ?4-in. pine where it will not. If you prefer not 
to wait for a special order of Mattewood, you could substi- 
tute ?4-in. lumber core oak plywood for the hinged top and 
*4-in. high-density hardboard for the working bench top. 
All joints are glued and screwed except the working top, 
which is only screwed on to allow it to be replaced if it 
should become damaged. The screw holes are oversize to 
let the top give a bit for climatic changes. Where they'll 
show, screw holes should be countersunk and plugged. 
The first step is to assemble the base unit and prime paint. 
Attach the various pine strips to the end panels and to the 
back panel. Using a set of notched pine 1x4s (see detail) 
for the vertical and horizontal rails, assemble the front. If 
the strips on the end, back, and front panels are spaced 
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accurately, it’s easy to assemble the project; but first make 
up the woodworking vise assembly (see detail) and mark 
the proper hole locations on the end panels. 

Fasten the end panels to the base, followed by the back 
panel and then the front. Then install the 7-by-164-in. oak 
plywood pieces (marked center supports on the drawing) 
that tie the front and rear together and form the drawer 
openings. 

Install the 34-in. strips on top of the back panel where 
the working top will be attached to the frame. Slide the 
working top into the groove and fasten in place. Lay out 
and drill the various holes in the top for hold-downs and 
other accessories. 

Cut the door and drawer fronts, allowing in. on the cuts 
for clearance and veneer edging. Be sure to cut each drawer 
and door pair from the same piece so the grain will match. 
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Cut the hinged top panel, making it about “ein. wider and 
Vs in. longer than the actual size of the working top for 
clearance. Cut, miter, and groove the top skirt end pieces 
and attach the magnetic strips (for holding tools) inside. 
Glue and screw the panel to the end skirts. Attach the front 
skirt with screws and glue. 

It is easiest to finish the parts at this point. I used non- 
toxic Dubno-Primer Oil and two coats of Kaldet-Resin & 
Oil to finish the project. Paint the base black and detail the 
grooves in the top skirt with black paint and a small brush 
or with a black permanent felt-tip marker. 

Install the hinge-lid supports following the instructions 
that accompany the hardware. Install the drop-leaf supports 
and the top lock. The drop-leaf lid supports may require 
adjusting to hold the lid in exactly vertical position. Shelves 
can be added to suit your particular needs. 
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This mini-shop for apartments is tucked into а 
unit that looks like a modern secretary. 


When company comes, just lower the lid on the 
disarray of your interrupted project. 


By HANS WYSSEN 


had long been a tinkerer, and while living in the Uni- 
ted States I always had a small shop. But when my 
wife and I moved to Switzerland, where there’s an 
apartment shortage, we had to settle for a two-room 
flat. Crisis: no shop! 
My solution was to build a piece of furniture that 
looks like a secretary desk when it’s closed, but really is a 
workbench. It features: 
è a stainless-steel work surface 
e a built-in fluorescent light 
e storage for my tools (including a 
small metal lathe) 
€ a metal vise 
With this unit I can repair small ap- 
pliances and build fairly complex pro- 
jects without messing up our living 
room. And if a project gets interrupted, 
I can close the lid on it until the next 
chance I have to work on it. 
Construction is mainly of inch-thick 
plywood. For the construction drawing, 
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l've converted dimensions from metric. If stock is not avail- 
able in similar dimensions in the United States, adjust- 
ments can be made. (If your unit is to be painted, as shown, 
consider using 34-inch MDO plywood for all panels.) 

The four legs are 2V5-inch-square stock, joined by 5⁄2- 
inch-wide aprons and a 17$-inch-wide rail at each side and 
across the back. The only rail across the front is the 14- 
inch-wide member below the drawer. The inch-wide "rail" 
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below the two hinged doors is actually the edge of the 
plywood bottom. It is notched at all four corners to take the 
legs to which it is glued and toenailed. The 19$-inch-thick 
work top that is set on the top of the leg assembly (pro- 
truding 17/5 inch at the front) was made of two '?4e-inch- 
thick plywood panels glued together. 


Closing in the frame 


For the effect of inset panels to close in the frame, I at- 
tached 1x1 cleats to the legs so that the plywood pan- 
els, when glued against them, would be recessed %4 inch 
from the outside of the legs. The shelf inside the storage 
compartment is notched at all four corners to fit around not 
only the legs but also the cleats that position the closure 
panels. It rests on four lug-type shelf supports that fit into 
holes drilled in the legs. I made my shelf adjustable by dril- 
ling a series of these holes in each leg. 

For the anchor for the swing-up lid, attach three ply- 
wood pieces to the back of the work top with glue and coun- 
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DRAWING BY MARIO FERRO 


Plywood panels inset between legs 
and horizontal frame members 
give the unit its furniture look. A 
23-in. fluorescent tube is mounted 
inside the tapered lid to provide 
light for the work surface when the lid is raised and leaned 
against wall. The unit is placed far enough from the wall 
so the lid rests securely against it (photo left). This leaves a 
gap big enough to hang a cordless vacuum on back. 


SHELF /BÜTTOM 


tersunk flathead screws driven up through the top plywood 
work top before it's glued to the sub-top. Note that this 
backboard won't interfere with long workpieces that must 
extend beyond each side of the workbench. 

А metal shop cut а 22'4-by-323A4-inch piece of “16-inch 
stainless steel for a work surface. It's worth the expense 
because it's hard, won't rust, and easy to clean. I notched 
the rear edges to fit around the lid anchor using a hacksaw 
and file. You can attach the steel to the plywood by brush- 
ing a coat of contact cement on each. Be sure to use a wax 
paper slipsheet when applying because alignment is criti- 
cal. After this has been slipped away, ensure a secure bond 
by tapping the entire surface with a rubber mallet. 

Five pieces of plywood, assembled with finishing nails 
and glue, form the lid. A full-width piano hinge attaches it 
to the anchor. For appearance, it's important that the lid 
close snugly against the stainless-steel work surface. The 
beveled joint at the top of the lid is especially critical. No de- 
gree designation for it is given in the sketch because this is 
best obtained by assembling the large inclined panel to the 
tapered side pieces and "reading" the angle its square upper 
edge sets off the vertical (using a protractor or an adjustable 
bevel square) before cutting the cap piece to that bevel. 


Add doors and a drawer 


The two plywood doors are mounted in the frame with 
full-height piano hinges and magnetic catches. The drawer 
is a simple box with four sides of V2-inch plywood and a 4- 
inch plywood bottom. The front has an additional 2-inch 
piece glued on. The drawer slides on wooden cleats. 

After filling all cracks and holes, apply an undercoat fol- 
lowed by a high-quality acrylic enamel. Mount pulls that 
will match other hardware in the room, and the disguise 
will be complete. There's a pull on each door, one centered 
on the drawer front, and one on the front of the lid, to ease 
raising. The weight of the unit—especially if it's placed on 
a carpeted floor— will anchor it firmly in place. 


BEGINNER S BENCH 


Lockable casters let you roll this work unit 
to the job. Four drawers and a cupboard 
store tools in a handsome cabinet. 


By ALLEES 


n ideal first project for your new home or apart- 

ment, this simple cabinet can be made with basic 

hand tools. Most parts are cut out of two and a 

half sheets of plywood — full four-by-eight sheets 

, of both '2- and %-inch thicknesses, plus another 
four-by-four sheet of 34-inch for the drawer 

fronts and door. POPULAR SCIENCE chose Medium Density 
Overlay (MDO) plywood with the smooth resin overlay on 
both faces because these surfaces take paint well. But if 
you want a cabinet in natural wood grain to match existing 
furniture, you might buy that half sheet in a cabinet-grade 
ply so the door and drawer fronts would be in a wood grain. 
If you choose regular plywood, it should be American 
Plywood Association-trademarked A-B or A-C. Or you 


might choose another type of structural panel, such as 
waferboard or particleboard. But whether you paint or go 
for a natural finish, you'll want to make an auxiliary work 
top out of tempered hardboard. You could cut this panel 
larger than the cabinet top so that cleats along its edges 
on the underside will snug it in place as you work. With- 
out such a work top, of course, you'd soon mar the cabi- 
net. The top can be removed and stored in a closet (or 

under a sofa) when you return to the cabinet mode. 
This cabinet, with crisp modern pulls like those shown, 
will be at home in your living room, dining room, family 
room, or even a bedroom. Casters let you roll it wher- 
ever work can be best performed. It's a good idea to have 
Continued 
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locking levers on at least the two front casters to stabilize 
the workbench. 

Though it’s only two by three feet and about 33 inches 
high (depending on caster size), the unit offers four draw- 
ers and a compartment with shelves to store woodwork- 
ing tools. 

After laying out the plywood sheets as sketched below, 
cut out all the panels. For ease of handling in a home 
without a workshop, have your lumberyard rip the full 
¥4-Inch sheet lengthwise and crosscut the '/-inch sheet 
—but note that these cuts should not be made on the cen- 
ter lines. (The ?4-inch top should be 24 inches deep, and a 
center-line kerf would trim it to less.) 

Cut dadoes across the right end panel and one face of 
the center partition, to take the central shelf. Cut rabbets 
across the bottoms of both end panels. Dado all drawer 
fronts. Because dadoes and rabbets are tedious to cut with- 
out power tools, you might want to rent a router or take 
these panels to a class for adults in a local school's wood- 
working shop. 

Assemble all parts with glue and nails or screws. As an 
edge treatment, nail and glue '4-by-?4-inch screen mold- 
ing to front and ends, mitering the corners. [15] 
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PLANS AND VIDEO AVAILABLE 


Because this is a beginner's bench—to 
be built without a workshop—expanded 
plans and a videotape demonstration of all 
assembly steps are offered. Even if you've 
never constructed anything before, these 
thorough instructions ensure success. For 
the plans only, send $2 to American Ply- 
` wood Association, Box 11700, Tacoma, 
Wash. 98411. There are two video cassettes: 
опе on basic woodworking techniques and 
| One specifically on making this bench. 

| They're $9.95 each (plus $2.95 for 
shipping) from InstructoVision, 

36424 Ninth Ave. S.W., Federal 

Way, Wash. 98023. 
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rn ARE WE OFFERING OUR BEST-SELLING 


„ОНТ DRiViNG OPTICS 


FOR 
ONLY 


e Exclusive PROFIDAL™ 
lenses make night driving 
SAFER, EASIER and LESS- 
STRESSFUL 


A 
Ж Р 
a 


GUARANTEED TO FIRST 1,000 
WHO RESPOND BEFORE MARCH 30 


e Allow faster recognition 
of distant traffic signals, 
warning flashers, road 

hazards 


510 


e Distortion-free. 


e POLARIZE light to 
reduce glare. 


€ See better in rain, snow, 


fog, mist & haze e Shatter-resistant 


e Nylon frame for strength, 
comfort, lightness 


Ё e|ncrease contrast of 
highway signs for easier, 
e Anti-abrasion lens treat- quicker identification 

ment protects against 


mars, scratches | e “Clip-On” style for eyeglass wearers 
e Fashionable frame de- also available. 
sign...ideal for men or 
women —one size fits all 


e Jet Pilots 
e Navy & Coast Guard 
| eMilitary Police 
e Racing Drivers 
e Highway Police 


GUARANTEED TO FIRST 1,000 


WHO RESPOND BEFORE MARCH 30 


These are the same one and only original PMX ROAD 
RANGER" NIGHT DRIVING OPTICS nationally 
advertised by us in major media throughout America. 


e Truck Drivers 


MAIL PROMPTLY FOR THIS LOW PRICE _ 


Designed and developed specifically for safer, pleasanter, p == | | | : | 

less stressful NIGHT DRIVING, they allow you to see р YES, I am responding before March 30. 
more, see clearer and see farther—so you can recognize { Rush my NIGHT DRIVING OPTICS for low 
signs and caution warnings easier and faster. T publicity price of only $10 per pair. 

They reduce blinding GLARE of oncoming headlamps, ША 7 (SEE HALF PRICE BONUS OFFER BELOW). 


rain-slicked pavements and roadside snow banks. They're 


remarkably effective in cutting annoying and confusing | ca as TT | m m 
reflections from electric signs, light refracted by falling il 


rain and moist beadlets of fog, mist or aerial haze. 


= 


Rem HALF PRICE BONUS']| 


| CLIP-ON FRAMES (R53142) | $10 | 


NY residents 


Expected to top I million in sales—but we'll guarantee to = [Each additional pair | 
give you a pair for only $10 if you are among the first Й after first pair) is only MN cs a | 
1,000 to respond. Hurry. If you respond early enough, | |*5—hes pree-it you 
you may request up to five pair. Every pair covered by full ii napone و‎ March25!|| GRAND TOTAL |$ — — 
one year money-back guarantee. This offer will not be i aoi | 
made in any store. Make check payable to RBM Ltd. 
Е ў —Or Charge іо Му О VISA О MASTERCARD 
; " Expire 
WE GUARANTEE Your enhanced night vision ЖТ Date —— 
adaptation will be completely preserved even when І TOT | 
you remove your night driving glasses (as we advise Ш Ms/Miss 
| you to do) when driving on roads with absolutely ii — 
| no artificial illumination whatsoever! | тоо о -— 
| ж и | - | { City State AAG ت‎ -—— 
| . Nim RBM Night Driving Optics, Dept 191-118 
— 000 кш кеш, п BM Box 256, Jericho, NY 11753 (R53150) 


©1988 явм Ltd.. 1200 Shames Drive, Westbury, NY 11590 
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REVEALED: SECRET F-117A 


STEALTH FIGHTER 


Can this thing fly? Though 
it's no aerial acrobat, the 
long-rumored F-117A stealth 
fighter apparently flies well 
enough to sneak past anti- 
aircraft radar defenses to at- 
tack high-priority targets 
deep behind enemy lines. 
This conclusion comes from 
the grainy photo shown on 
this page. While the Air Force 
released little hard informa- 
tion, aeronautical engineers 
interviewed by POPULAR Sci- 
ENCE were able to offer re- 
markably detailed estimates 
of its performance, its con- 
struction, and the likelihood 
that the F-117A can success- 
fully complete its mission. 


By STEVEN ASHLEY 
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EVE | j СЕ F-404 TURBOFA! 


SUPPRESSION SYSTEM 


VENTRAL INFRARED SCREEN 


` FOLDÍNG OR 


DETACHABLE WINGS 


DRAWING BY TOM WHITE 


The F-117A stealth fighter is designed to perform low-altitude air strikes on 
heavily defended, high-priority targets, such as anti-aircraft missile batteries 
and command posts, during a conventional non-nuclear war. Its angular con- 
tours and radar-defeating construction allow it to sneak up on enemy radar 
installations and attack with little or no warning. 

Experts estimate that F-117A has a wingspan of 40 ft., a wing sweep of about 
45 deg., and a height of about 16 ft. This makes it about the size of an F/A-18 or 
an A-7D (the latter is used for training F-117A pilots), though it’s a bit shorter 
and has a larger wingspan. The plane’s wings fold up or detach to permit the 
plane to fit into C-5 cargo planes, which ferry it around the world. 


or years it was the US. Air Force's 
best-kept and worst-kept secret: 
the stealth fighter—a highly 
classified strike/surveillance aircraft 
that could evade radar defenses. But 
when the Air Force acknowledged the 
shadowy plane's existence with the 
November 1988 release of a tantaliz- 
ingly murky photograph, it ended 


RADAR-ABSORBING 
SKIN COATINGS 


. SHIELDED 
ENGINE INTAKE 
RADAR-ABSORBING MATERIALS 


(^. PRECISION-GUIDED MUNITIONS IN 
INTERNAL WEAPONS BAYS 


nearly a decade of unconfirmed ru- 
mors and official denials. No longer 
would the stealth fighter—the F- 
117A—have to hide in desert hangars 
by day and fly by night to avoid the 
gaze of Soviet spy satellites; no longer 
would its pilots and crews have to con- 
ceal their secret assignments from 
family and friends; no longer would 
aviation buffs have to speculate about 
its design. 

One look at the photograph—grainy 
as it is—and you know that the F- 
117A is one of the oddest and most 
intriguing aircraft ever constructed. 
With a prismatic shape that flies in 
the face of aerodynamic design, a bat- 
like flying wing airframe, and a prom- 
inent cockpit peak, the F-117A looks 
like something piloted by Batman. 

The hows and whys of the F-117 As 
design are still a matter of debate be- 
cause the Air Force has released no 
data on the plane’s performance, 
range, dimensions, mission, weapons, 
or even its cost. By closely inspecting 
the photo, however, aviation experts 
have assembled a picture of the F- 
117A’s design and mission. Here is 
what we learned: 

First, the official statement. In a 
terse press release, Air Force spokes- 
man Dan Howard described the F- 
117A as a single-seat dual-engine air- 
craft built by Lockheed Corp. It first 
flew in 1981, and became operational 


in 1983 as part of the 4,450th Tacti- 
cal Group at Nellis Air Force Base in 
Nevada. A total of 59 aircraft have 
been ordered, and so far 52 have been 
delivered. The Pentagon, Howard said, 
revealed the plane officially, so that 
it “can be fully integrated in opera- 
tional plans for future military 
engagements.” 

That’s it, at least from official 
sources. So what more can be said? 
Plenty. 

The plane, which over the years has 
been called Spectre, Ghostrider, Fris- 
bee, and The Wobblin’ Goblin, is the 
result of a multi-billion-dollar “black” 
development program. 


LASER, TV, INFRARED WEAPONS- 
TARGETING SENSORS 


AIRSPEED AND ALTITUDE SENSORS 

The stealth-fighter program followed 
research studies code-named Have 
Blue, which were conducted in the 
early 1970s for the Defense Advanced 
Research Projects Agency (DARPA) by 
Lockheed’s Advanced Development 
Projects team (otherwise known as the 
“Skunk Works”) and other contrac- 
tors. Headed by famed aircraft de- 
signer Clarence L. “Kelly” Johnson, 
the Skunks Works was responsible for 
building the once-secret U-2 and SR- 
71 spy planes. After DARPA and the 
Air Force issued a Request for Pro- 
posals for an XST (Experimental 
Stealth Tactical) demonstrator, propos- 
als were submitted in 1976 by several 
aerospace firms. Lockheed eventually 
won the competition and received a 
contract for five “proof-of-concept” XST 
aircraft. 

Though difficult to fly, the XST suc- 
cessfully demonstrated “low-observ- 
able” technologies, prompting the Air 
Force to award Lockheed a contract 
for the design and manufacture of the 
Covert, Survivable, In-Weather Re- 
connaissance/Strike Aircraft, the fu- 
ture F-117A. 

Financial analysts estimate that 
each F-117A costs from $85 million 
to $100 million—for a total program 
cost of from $5 billion to $6 billion. 
That’s a lot of money for a weapons 
system and a tactical philosophy that 
have yet to be fully proven in combat. 
(The same can be said about the B-2 
stealth bomber, which had been sched- 
uled to be unveiled in November. '88.) 
In addition, some critics claim there 


have been cost overruns owing to the 
use of nascent state-of-the-art technol- 
ogy and what comes down to hand- 
fabrication methods. 


Faceting facts 


Perhaps the most striking aspect of 
the Air Force photograph is the boxy, 
unstreamlined shape of the airframe. 
There’s not a curved line or a right 
angle to be seen on the machine. It 
looks as if it was cut by a gem cutter 
from a piece of black crystal. But the 
facets have nothing to do with aes- 
thetics, says Bill Sweetman, longtime 
stealth watcher and author of the sem- 
inal book on stealth technology. 

“The idea is to avoid or minimize 
anything that might add to the plane's 
radar reflectivity," Sweetman explains. 
"This means no right angles. For ex- 
ample, the rudders are canted outward 
in a V shape, rather than being verti- 
cal. In addition, there are no curving 
surfaces, which act as isotropic scat- 
terers—that is, curves that reflect 
glints from any viewing angle. What's 
left," explains Sweetman, "is a pris- 
matic, gemlike shape composed of 
many flat plates, or facets. Designers 
see to it that none of these facets is in 
the same plane or has the same orien- 
tation, so that when the plane is illu- 
minated by a radar beam, only the 
small surface segment that is directly 
perpendicular to the beam reflects 
back to the radar emitter." The facets, 
Sweetman adds, are joined at shallow 
angles to avoid strong edges that could 
reflect radar and impede airflow over 
the skin of the airplane. 

To understand the concealing effect 
of surface faceting, think of two hobby- 
shop models, one of the stealth fighter 
and a modern streamlined fighter—say 
an F-16. Imagine that you first spray- 
paint both models with reflective sil- 
ver paint and then place them on the 
floor of a darkened room. If you were 
to shine a flashlight at the silver air- 
planes, you'd notice that the F-16's 
many curved surfaces reflect bright 
glints no matter from which direction 
you shine the light. If the flashlight 
were a radar emitter, the F-16 would 
be said to have many "hot spots" in its 
radar echo, which would make it rela- 
tively easy to detect. 

The reflection from the F-117A mod- 
el is different. No matter the direction 
from which it's illuminated, only one 
small part, or one facet, of the plane's 
surface strongly reflects light at any 
one time. Like a mirror ball in a night- 
club, the other facets split the light 
beam into many smaller beams that 
are directed away from the viewer. If 
the flashlight were a radar set, only 
the reflection from a single faceted sur- 


Continued on e 100] 
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Football feedback A Box == 1 Su 


Inside this T-shaped pad and These recyclable corrugated chairs 
mock football are piezo film sen- fold for temporary use at parades, 
sors made by Pennwalt Corp. races, and other gatherings. Street 
(Valley Forge, Pa.). Lifting the Seats, which retail for about $4, also 
ball off the ground starts a timer, provide space for promotional adver- 
and the pad records a blocker's tising. L. A. Display, 719 W. Broadway, 
reaction speed and impact force. Glendale, Calif. 91204. 


Rae Crowther Co. (Ardmore, Pa.) 
manufactures the training sys- 
tem and mounting sleds. 


Polymer recipe A Reliable radar > 


Goodyear’s experimental packaging This radar subsystem, developed by 
resin, Cleartuf HP, keeps its shape bet- Texas Instruments in Dallas for the 
ter than a conventional polyester bot- Air Force’s Aeronautical Systems 
tle when it’s used to boil water. The Division, uses arrays of solid-state 
high-barrier material also prevents elements to detect targets. The 
spoilage, the company says. electronic components don’t break 


down as easily as the mechanical 
parts used in airborne radars that 
scan by pivoting. 


Y RPV launcher 


The catapult on this mobile RPV (remotely piloted vehicle) launcher 
uses a flywheel instead of rocket power to help prevent damage and 
avoid detectable smoke and heat. Frazer-Nash Defense Systems, Ran- 
dalls Way, Leatherhead, Surrey KT22 7TX, England. 


ت 


m. c LICET 
Ly с 417: Im, 
TENCE. eee ЗЧ ыы AUN t 
A, SU ы ФМ ra cuc E ELS 
+ 55-8 oa Н ee eh E اک لھ‎ 


зь, 
" 


Safe sliding > 


A "rideout" at the end of 
the Duraglide Straight 
Slide lets children land on 
their feet and helps pre- 
vent erosion at the base. 
The plastic slide is tough 
too. Its maker, Paris Play- 
ground Equipment (Box 
125, 21 Scott Ave., Paris, 
Ont.), says a test chute 
popped back into shape a 
few hours after a forklift 
was driven over it. 
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Sun roof > 


The Solectria V, running at 
an average speed of 55 mph, 
recently beat its competitor 
in the 159-mile American So- 
lar Cup in Visalia, Calif. 
Dow Automotive Materials 
Group sponsored the 340-Ib. 
car, which is powered by an 
array of Arco solar cells, 
and raced by a team from 
the Massachusetts Institute 
of Technology. 


V Delivers 1,500 tons in an hour 


Hopper cars on the 
Dump Train, linked 
by permanent slack- 
less couplings, empty 
rocks or coal onto a 
conveyor belt run- 
ning down the train 
to a transfer boom. 
Conveying & Mining 
Equipment, 403 ©. 
Loop W., Houston, 
Texas 77054. 
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It’s high time A 


Boatmen and surfers can consult the 
Kriéger Tidal Chronometer for the time 
of the next high or low tide. The quartz 
sport watch retails for $495 to $560. 
Kriéger Watch Corp., 407 Lincoln Rd., 
Suite 10B, Miami Beach, Fla. 33139. 
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BY V. ELAINE GILMORE 


| «4 Dust collector 


) Do drilling jobs have you 
| | bedeviled by dust—in the 
hair, in the eyes, on the 
- | carpet? Dusty, which fits 

| most vacuum cleaners, 
| removes the debris as you 
| drill. Allstar Consumer 
Products GmbH, Klock- 
ner str 3, 6054 Rodgau 3, 
West Germany. 


Vacu-blower > 


Shop-Vac's 333 Series 
wet-dry vacuum cleaners 
inhale the usual messes: 
from sawdust flung by 
your shop tools to water 
| oozed by your balky 
fs washer. But these ma- 
Йй chines exhale too: The 


E 1.5-hp motor and its 

i mount twist off the top of 

the vac tank to convert to a portable blower. You'll have a 154-mph wind for 
corralling leaves and such, says the company. Twelve-gal. size: $140; 16-gal.: 
$150. Shop-Vac Corp., Box 3307, Williamsport, Pa. 17701-0307. 


Wave—it's goodbye to bad joints A 


Where will the hole you drill on one side of a wall come out A stepped router base and a bit that makes a 
on the other? The PinPoint ($150) can tell you. Its transmit- wavy cut are the components of Tru-Match, 
ter (which hangs on a nail) sends an 8,000 Hz signal through Porter-Cable's new joinery system, designed for 
a wall up to 4 ft. thick. As you move the receiver an LCD installing those trendy solid-surfacing materi- 
graph shows more bars the closer you get to the spot. Micro- als (Corian, Fountainhead, Avonite, and 2000X), 
Trak Systems, Box 3699, Mankato, Minn. 56002. but also good for wood. The convex waves, cut 


with one side of the router base as reference, 
mate perfectly with concave waves cut with the 
other side as reference. The Tru-Match system 
without router is $100. Porter-Cable Corp., Box 
2468, Jackson, Tenn. 38302. 


The Blaster, which moves 300—450 cu. ft. of air 
per minute, can blow away the fumes and par- 
ticles you shouldn't breathe. And it serves as a 
light source and outlet. A heater can be added. 
Two models: $180 and $300. Douglas, 1885 E. 
Aurora Rd., Twinsburg, Ohio 44087. 
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BY TIMOTHY 0. BAKKE 
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Exterior window sealer > 
Backed with non-separating glue 
and said to be resistant to the sun, 
this weatherstrip tape can be used 
to seal gaps or mount plastic storm 
windows outside as well as in. Mor- 

| tite, Box 431, Kankakee, Ш. 60901; 
tape comes in rolls 1 or 2 in. wide, 
up to 100 ft. long: $2.50—$9.50. 


| Washing scraper A 


By attaching the $11 Brush 'N 
Scrape to your sink's sprayer, 
you can increase the sprayer's 
usefulness without using other 
tools, says Plumb Shop (South- 
field, Mich. 48034). Use the brush 
to clean fruits, vegetables, and 
dishes, and the scraper for pots 
and pans—both while water 
flows to clean away debris. 
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Convertible heat-circulatingfireplace A 


жо ————— 
The HCE Series fireplace can be outfitted to complement almost an : 
interior design, Азырын Fireplace Co. (43825 ош Ave., Fuller. Zone controller A 
ton, Calif. 92633). Clear- or smoked-glass doors are trimmed with hori- The Enerstat System 3 Plus 2 lets 
zontal and vertical brass or stainless steel (shown). The fireplace uses one forced-air heating and cool- 
a refractory firebox, with forced-air and outside-combustion-air kits ing system or heat pump service 
optional, and comes with 35-, 40-, or 45-in.-wide openings. three to five zones. A central logic 


panel controls motorized damp- 

ers, and each zone is monitored 

| by its own thermostat. Valera 

| = i sj Corp., 812 Proctor Ave., Ogdens- 
| — Z- = -— 8 burg, N.Y. 13669. 
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«Space savers 


The Spacemaker Plus coffee 
maker ($112), with a separate 
40-02. thermal carafe and an 
alarm to tell you when to clean 
the heating coils, leads off Black 
& Decker's latest space-saving 
appliances. Others in the line: 
fluorescent light ($24) and can 
opener/knife sharpener ($37). 
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Counterfeit spotter A 


Slide in some paper money. In less 
than a second Cashscan’s micropro- 
cessor-controlled circuitry checks it 
for authenticity—a red light warns if 
switch from the wall; replace it | you’ve been duped. Made by Cash- 
with Intermatic’s programma- | Vm scan Corp. (4720 Ave. N, Brooklyn, 
ble timer. Indoor or outdoor N.Y. 11234), it costs 150 real dollars. 
lighting can be turned on, off, or dimmed automatically up 
to eight times a day for convenience and safety. Intermatic, 
Intermatic Plaza, Spring Grove, Ш. 60081. $34. 


Bright switch dims 
light > 


Remove the standard light | E 


« Circuit checker 


Auto-ranging, auto-off, 
and four-digit display — 
all the things you expect 
from a full-size multi- 
meter. But Circuitmate 
is the size of a credit 
card and fits in your 
pocket. Price: $50, 
from Beckman In- x 
dustrial Corp. (3883 at £ 

Ruffin Rd., San Flat fixer á 

Diego, Calif. 92123). There’s one problem with flat com- 
puter cables: They’re seldom flat. 
They twist, turn, become an un- | 
wieldy connection between periph- 
erals. The cure: adhesive-backed 
flat-cable clips. Stick the clips any- 
where, and slide in the cable. In- 
Beckman industries stant neatness. Panduit, 17301 Ridge- 

Mq land Ave., Tinley Park, Ill. 60477. 


Stacked packs > 


What’s better than a CD changer that 
plays up to six CDs at a time? A 12-CD 
changer, of course. Hitachi's 6 + 6 mod- 
el lets you choose or program any cuts 
from any of the two six-packs of CDs 
it holds. Price: $449. 
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CARS 


Side-terminal 
jumper > 


Batteries with side ter- 
minals can be tough to 
jump-start. Easy-turn- 
ing Quick Bolts replace 
battery bolts, and the 
copper fork slides in 
to connect with jump- 
er cables. Cali-Co, Box 
3305, Granada Hills, 
Calif. 91344; about $7. 


Studded tire cover A 
Knobby rubber studded over- 
shoes for your tires do the job 
of chains without the annoying 
noise and vibration, according 
to Polargrip (4 Holly Hill Indus- 
trial Estate, Cinderford, Glos., 
England). To install, drive over 
a pair of laid-out tire covers, 
wrap around each tire, and 
tighten by securing cables. It 
takes about two minutes. 


«Made in the shade 


This roll-down car-window 
shade clips over the top of most 
vehicle windows, according to 
maker Gila River Products 
(6615 W. Boston St., Chandler, 


d 


a A rı. 85226). When it's pulled 
е аы ш کے‎ a a a a Ей „сыйы ча. a СА С Н нараак ный ный down, a fastener secures the 
smoke-colored shade. The 15- 
by-20-in. sunshade costs $4. 


MÀ ie P — 


Tools on the go » 


With 12 clip-on bins, this me- 
chanic's cart can help keep 
your tools together. Made 
with arc-welded 12-gauge 
steel, it has 5-in. casters. 
Stackbin Corp., Box 397, 100 
Albion Rd., Lincoln, R.I. 
02865. Cost: $544. 


The 149-mph-rated Sport XGT V 
tire's variable compliance grooves 
contract under dry road conditions, 
pinching the two outer ribs together. 
Michelin claims this enhances cor- 
nering ability. On a slick road the 
groove opens up to channel water 
away and increase traction. Price: 
from $100 to $200. 
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Revealed: secret F-117A stealth fighter [Continued from page 93 | mmm—— ——— nm 


face would be returned for detection. 

Notes Sweetman: "There are two 
ways to make a stealth airplane: You 
can take an aerodynamic shape and 
modify it to be stealthy, or you can take 
a stealthy shape and modify it to be 
aerodynamic. The F-117A seems to be 
an example of the latter.” 

Of course, faceting isn't the only 
radar-foiling measure the F-117A has: 

e The plane has a blended wing- 
body airframe configuration, with bur- 
ied engines to minimize radar echoes. 

е The airframe is probably con- 
structed from lightweight and strong 
nonmetallic composites that pass ra- 
dar waves with little or no effect. One 
report refers to Fibaloy, a glass fi- 
ber-reinforced polymer made by Dow 
Chemical Co. 

e Radar-reflective metal compo- 
nents such as engines are likely to be 
sheathed by special shielding material 
consisting of two layers of aluminum 
or other metal mesh bonded by a sheet 
of plastic. The two layers are spaced 
so they neutralize incoming radar 
beams by creating between them a 
standing wave that cancels reflections. 

€ The entire outer skin of the air- 
craft, including the cockpit windows, 
is covered with various radar-absorbing 
coatings that include carbon, iron 
compounds called ferrites (“iron-ball 
paint"), or other conductive materials. 
These coatings drain the energy of 
radar signals (just as food in a micro- 
wave oven absorbs radio waves and con- 
verts them to heat) so that backscatter 
is reduced. 

e Honeycomb structures filled with 
radar-absorbing materials are used 
in the wing leading edges, flight-con- 
trol surfaces, and engine inlets. These 
structures reflect incoming radar 
waves internally so the signal is weak- 
ened with each reflection. One wit calls 
them radar Roach Motels: The waves 
check in, but they don't check out. 

e Highly radar-reflective turbine en- 
gine spools are hidden behind serpen- 
tine ducts so that air can get in, but 
radar beams can't. 

€ The plane has a sophisticated elec- 
tronic countermeasure system that 
would be activated if the F-117A were 
detected. 

e An infrared-suppression system 
mixes cool air with hot engine-ex- 
haust gases to cloak the plane's heat 
signature. 

The authors of Advanced Technol- 
ogy Warfare estimate the stealth fight- 
er’s radar echo (radar cross section) to 
be 0.001 square meter. If this is true, 
the F-117A has a radar return that is 
one-tenth that of a bird in flight. 

So the F-117A is probably pretty 
good at avoiding detection by radar, but 
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how well does it fly? After all, the Air 
Force acknowledges that three of the 
machines have crashed. The answer is 
probably best put by one pilot, who 
commented: “The stealth fighter flies 
a lot better than it looks." 

To some the F-117A looks as if it can 
barely fly at all. Aviation experts know 
better however. Says applied aerody- 
namicist E. Eugene Larrabee: “Though 
you'd expect some degradation of per- 
formance from the faceting, l'm sure 
that it handles well enough to get the 
job done. Prismatic aircraft surfaces 
don't make that much difference to a 
plane's performance, provided that the 
engines give sufficient thrust to over- 
come the added drag they cause. For 
example, during the development of su- 
personic aircraft, many wind-tunnel 
models were tested with wings that 
had flattened diamond-shaped cross 
sections because they were easier to 


he 
stealth fighter flies a 
lot better than it 


looks y и 


manufacture than complex curved air- 
foils. They performed well. The key 
was that they were thin and they had 
a sharp leading edge. Of course, wings 
with sharp leading edges perform less 
well at low speeds—that is, during tak- 
ing off or landing.” 

Mark Drela, assistant professor of 
aeronautics and astronautics at the 
Massachusetts Institute of Technology 
and a leading authority on computa- 
tional fluid dynamics, points out that 
though “the wing designers had to 
sacrifice performance for stealthiness 
because it’s difficult to make a good air- 
foil out of flat slabs,” other control sys- 
tems can help. For example, it is likely 
that the F-117A has a powerful auto- 
matic stability-augmentation system 
that improves the plane’s performance 
in addition “to allowing the designer 
to get away with using a smaller, and 


therefore less-prominent, tail struc- 
ture,” says Drela. 

The MIT professor also believes that 
he sees two-dimensional thrust-vec- 
toring engine nozzles in the photo- 
graph of the F-117A. These systems, 
which can direct engine thrust ob- 
liquely for reaction control, would 
improve the maneuverability of the 
airplane—which he says is apt to be 
relatively poor. But it’s clear, says 
Drela, that the F-117A is not going to 
be able to elude enemy attackers if it 
is discovered. The plane's main defense 
will be to remain unseen. 

And what is the mission of the F- 
117A? Despite its "F"-designation— 
and its "stealth fighter" moniker—the 
plane is no fighter aircraft. Beyond the 
aerodynamic considerations, one look 
at the cockpit shows that there's almost 
no visibility in any direction beyond 
straight forward and down. This sug- 
gests an attack or strike aircraft. 

Sweetman believes that the plane's 
mission is to perform pinpoint attacks 
on targets such as anti-aircraft mis- 
sile batteries, concrete-reinforced com- 
mand posts, and radar and communi- 
cations stations in heavily defended 
areas. Using its stealth characteristics 
to avoid air-defense radar installations, 
the F-117A would sneak up on its tar- 
get and destroy it using guided glide 
bombs or missiles carried internally in 
weapons bays. The plane is equipped 
with highly sophisticated TV and in- 
frared-imaging systems, as well as 
laser-ranging and designating devices 
that allow the pilot to target his weap- 
ons precisely, even at night. The F- 
117A’s secondary mission, Sweetman 
says, is surveillance. 

Some critics say these missions could 
be carried out much more cheaply by 
pilotless aircraft, such as cruise mis- 
siles or remotely piloted vehicles. 
Sweetman disagrees: "It will be some 
time before you can deliver a substan- 
tial punch, and do it reliably and with 
sufficient accuracy to a reinforced tar- 
get with an unmanned vehicle. Until 
then you use manned stealth aircraft." 

In some ways, the F-117As modus 
operandi is similar to an owl's. Owls 
are not fast like eagles or accomplished 
fliers like falcons. But they do have ex- 
tremely good night vision and they are 
stealthy: Owls have soft feathers that 
muffle the noises made by flapping 
their wings. Sweeping down noise- 
lessly, the owl is a highly successful 
bird of prey. To accomplish its mission, 
the stealth fighter relies on similar at- 
tributes: good vision and surprise at- 
tack. It will take armed combat to 
determine its success as a predator— 
and whether it's worth the multi- 
billion-dollar investment. 
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“1 ‘Retired Early’... 


elm still amazed how things have 


changed for me since I became a Pace 
distributor! Let me tell you how it 
all started... 
“When the national economy wasn’t 
going too well, I decided to get out of the 
usiness I was in. I had given some 
thought to retiring, but was really too 


| young for that. Well, it so happened my 


own commercial building had a leaky 
roof. Roofing contractor prices were liter- 
ally sky high! Then I remembered an arti- 
cle about Pace Products and how with 
their exclusive Seamless Spray process 
you could actually bypass high priced 
contractors. I sent for their literature, saw 
how easy it was to sell, and I wound un 
doing the roof myself using Pace products 
and know how. 

"Well, word got around about how 
much money I had saved and that opened 
a whole new world of opportunity. Ever 
since then I've been like a cat on a бех tin 


| roof! The first year I did 15 roof jobs. 


Almost double that the second year, 
and had a huge backlog. Most of these 
were big jobs like the county home, the 
Chevy-Buick garage, bank buildings, city 
hall. Big jobs mean big money! 
“The business I used to be in had 
been prey good to me, but I really had to 
oth nights and days. With Pace, 
business just seems to fall into your 


| lap. I don't really do any promoting or 
| ‘selling’... most of my sales come from 


referrals, and my phone's ringing all the 
time. 
"What I like to tell people is that Pace 


offers a fine income opportunity. You can 


I care to handle.” 


start working as little as two hours a week 


and then go full time when your income 


exceeds your regular job. 99 


What our successful Pace distributor is 
too modest to say is that he actually did 
over $100,000 worth of roofing 
business last year, in spite of living in 
a depressed farming area! And that’s 
working less than half of the year, ime. 
the rest of the time for his family an 
other interests. 

What makes Pace such a good business 
is that it costs a fortune for schools, 
hospitals, plants and other commercial 
buildings to have roofing companies 
repair or re-do their roofs. Pace bypasses 
the roofer-lets the building owner apply 
Pace Seamless Spray right over the old 
roof .. and the smallest Seamless 
Spray order earns you over $1,550 
in commissions. 

Pace ships the Seamless Spray equip- 
ment on Free Loan. Your customer pays 
only for the roofing products. His own 
men apply it (or if you want to make even 
more money, you can handle the applica- 
tion, too). It's as simple as that." 

No Investment! 

You, too, can enjoy the same success. Best 
of all, you don't have to invest a penny. 
You don't need any special background 
or experience. Of course, if you have sell- 
ing, construction or application experi- 
ence, you'll benefit even more so. 

Pace is a proven winner. That's why it 
is used by such well-known firms as 
Ford Motors, American Airlines, 
Holiday Inns and thousands more. 


THEN MADE $27,000 
PART-TIME IN 
А BUSINESS OF 
MY OWN” 


"$27,000 Part-time isn't bad for a guy who quit his 

‘| job. I ‘retired early’ from the insurance and 

| securities business, now make good money 

| part-time with Pace, and have as much work as 

A true story by a very happy 


Pace distributor. 
Be Your Own Boss! 
You'll like pete your own boss and гип- 
u 


ning a successful business. You can set 
our own hours, ease off whenever you 


feel like it, make your own decisions and | 
stop taking orders from somebody else. | 


You can start out earning extra income 
part-time (with the option of going full 
time anytime you wish)...or go right into 
it full tilt! Pace offers that kind offlexibility. 
There is no waiting, either. You can start 
making money from your very first day. 
You get your big commissions up front. 
Paid in advance, weekly! 


FREE Details-No Obligation! 


Would you like to eam big money? 
Would you like the freedom and inde- 
pendence of your own business? Let 
us mail you the facts. Simply fill in 
the coupon and we'll rush you all the 
details. There’s no obligation. No sales- 
man will call. 


= MAIL TODAY. NO OBLIGATION. = 1 


Pace Products, Inc. Dept. PS-189 


f Quality Plaza, 112th and College Blvd. y 
Overland Park, KS 66210 


Í WITHOUT OBLIGATION send free packet Ё 
! of information that tells how I can have my | 


` own Pace business. No salesman will call. 


Name 
{ PLEASE PRINT 


i Address 


1 City State — Zip 
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The man who knew too much (Continued from page 65 | amm 


tonished them. The satellites had re- 
corded essentially the same huge ozone 
loss detected by the British. But the hole 
hadn't shown up in the processed ver- 
sion of the data because the computer 
had been programmed to throw out any 
obviously absurd readings. 

News about the Antarctic ozone hole 
started things moving as never before. 
The United States organized two expe- 
ditions to the Antarctic to make de- 
tailed measurements from ground 
stations and aircraft. They confirmed 
the worst fears: The ozone hole over 
the Antarctic not only was there every 
spring, but depletion was getting 
worse. On March 15, 1988, an Ozone 
Trends Panel assembled by NASA is- 
sued a somber report, saying that the 
Antarctic ozone loss was caused by 
CFCs and that ozone loss could be seen 
at all latitudes. 

By then, the world's governments had 
acted. For several years, the United 
States had been arguing for a global 
agreement to limit CFC production. It 
had gotten frosty lip service and total 
inaction for several reasons. The Jap- 
anese, for example, couldn't see how 
their electronics industry could get 
along without CFC-113 as a solvent. 
Europeans suspected a plot by Amer- 
ican chemical companies to monopolize 
the market in CFC substitutes. 

The ozone hole changed all that. “It 
takes it out of the time scale of what 
might happen in the year 2075 to the 
time scale of what might happen in the 
year 1987," says Rowland. "It didn't 
creep up on you for a century. It hap- 
pened in a decade." 


Freon freeze 


Toward the end of 1987, 24 nations 
signedthe Montreal Protocol, designed 
to reduce CFC consumption by 50 per- 
cent by 1999. The nations agreed first 
to freeze the production of specific 
CFCs—11, 12, 113, 114, 115—and 
some related compounds, then to reduce 
consumption starting in 1993. 

And less than two weeks after the 
Ozone Trends Panel issued its report, 
Du Pont swallowed hard and redeemed 
a pledge it made more than a decade 
ago in full-page advertisements. If 
CFCs were shown to be an environmen- 
tal danger, Du Pont said back then, it 
would stop their production. On March 
24, 1988, the company said it had seta 
goal of “an orderly transition to the total 
phase-out of fully halogenated CFC 
production.” Du Pont stressed the dif- 
ficulty of developing substitutes, but 
the statement spoke for itself. 

Back in the laboratories, scientists 
were figuring out what happens over 
the Antarctic. 

In the winter months air in the strato- 
sphere over the Antarctic moves round 
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and round in a circle, getting much 
colder than stratospheric air anywhere 
else. The water and ice droplets in the 
clouds that form there provide surfaces 
that promote the breakup of such mol- 
ecules as chlorine nitrate and hydro- 
gen chloride, releasing chlorine atoms. 
When the sun appears after the long 
winter, the warming increases the rate 
of chemical reactions, and the chlorine 
runs wild, destroying ozone at a fan- 
tastic rate. It's a seasonal effect that 
stops either when there's no more ozone 
left to destroy, or when the sun evapo- 
rates the clouds and stops the reactions. 

More atmospheric chemistry re- 
search—using instruments like the 
$5-million ozone sensor carried by the 
recently launched NOAA-II weather 
satellite—is needed to get the complete 
picture, as many complex things are 
happening in the upper atmosphere. 

The warning of global atmospheric 
change is obvious—so obvious that 
Rowland and others are saying the 
Montreal Protocol doesn't go nearly far 
enough. “It does very little to protect 
the atmosphere," Rowland says. *Very 
little for a decade and then not enough." 

^We really need details," Cicerone 
says. “Will the phenomenon spread? 
Will there be ozone holes popping out 
elsewhere? In the last few months there 
has been a progression of understand- 
ing that makes us concerned that the 
atmosphere is more sensitive than we 
thought.” 

Sherry Rowland, meanwhile, main- 
tains his equilibrium. His warning 
fulfilled, he’s something of a media at- 
traction now, a position that has un- 
done other scientists. 

Industry has had a somewhat 
tougher time coming to terms with 
Sherry Rowland. He says he has a good 
working relationship with Mack 
McFarland, Du Pont’s representative 
on the Ozone Trends Panel. But as re- 
cently as 1987 industry people had said 
they wouldn't attend a meeting in Cal- 
ifornia if Rowland was there. A com- 
promise was reached. Rowland was 
allowed to deliver his paper, but not to 
take part in the meeting. 

But he treasures one moment that 
revealed a different attitude among 
some industrial scientists. It was in Sep- 
tember 1976, just after the National 
Academy of Sciences released its first 
report. Rowland was at a meeting in 
Logan, Utah, of a group that included 
industry scientists. After a formal ses- 
sion, the group went out for a volley- 
ball game that continued as the sun set. 

“It became very dark,” Rowland re- 
calls. “I had what seemed to me a sur- 
real experience of unidentified figures 
coming up in the dark and congratulat- 
ing me, under conditions where no one 
could tell they were doing it.” 
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Aircraft-Grade Aluminum High-Intensity 

Penlight, 70 Times More Powerful Than An 
Ordinary Flashlight. 
Compact, only 535" long. | 


L^ 

PASS, TET $14.95 
This unique flashlight features a brilliant white beam that сал 
be adjusted from spot to fipodtight with a simpie twist. Durable 
body is machined from aifcraft-grade aluminum, soci 
resistant, with a black-anodized sure-grip knuried finish. AJ 
threaded joints are O-ring sealed so unit is waterproof td 
200 ft. Indestructible, resists corrosion, The tail cap has 
spare bulb and lanyard пое. Powered by two "AX batteries) 


The Edmund Mag 6 Star Atlas—a practica 
sky guide designed for indoor and outdoor us 
by amateur astronomers.  . 

This comprehensive spiral workbook 
contains detailed on more than 
1.000 celestial objects including mul- | 
tiple stars, variable stars, nebulas and 
galaxies. Superbly detaled star charts | 
accurately identity ай stars to magni- | = 
tude 6.2 and hundreds of fainter ob- re 
jects. Richly made ial dozens of | == 

rams and tables 
роке, workbook format. тзп 95 


ii Big Events — With A Terrific Bang! 


Authentic 


а ыс» GON = 
T = AD) J ~ This cannon is preal 
Ө. Е ay ue tor special celetrations and the 4th of July. 

Na ШУ Made of cast iron with machined brass 


loading and firing mechanism. Easy to 
operata, uses calcium carbide - gas, fresh аг and a spark will 
gels ta nsa Моп poisonous, non-flammable. (Not амай: 

able to NJ residents or minors) 

Bümm Light Field Cannon: Lo. shot action, cannon meas: 
ures F long overall, PA36,821 $28.95; 155mm Major Field 
Canon: Automatic action, cannon has 102" body plus 
17" muzzle. PAT1,654 $79.95; mpm Ammunition, 2 tubes 
(about 350 shots) PA41,005 $7. 


родат писиру Те Latest елиш. m 


T P кир. == | 


Supercondacting ceramic disc for lab demonstration on hé 
Meissner effect of magnetic levitation. This is the new male- 
rial making headlines. The disc is composed of yttrium oxide, 
barium oxide and copper oxide and wall positively demonstrate 
the Meissner effect by magnetic levitation of a small samari 
cobalt magnet at liquid nitrogen temperature (77 ^K). To сот 
duct the demonstration you will need the disc, а small samarium 
cobalt magnet and liquid nitrogen Гакайа from most MS: 
pital and lab supply firms). ES offers the disc and magnets! 
(Similar magnets may be found m aghtweight headphones]. 
Superconductivity Disc — includes ceramic 1" dia. x va" thick 
disc and complete instructions. REQ: $25 РАЗТ, 446 $17.50 
Demonstration Kit — includes superconductivity disc 1" dia. у 
Ve" thick, rare earth magnetic 34," dia. x Ve" thick and 
instructions. Вар. $45 PA38.169 fae 


келт ees PEST SIE Ра а GER SEL une 
“100 Science Experiments For Eve e- 

An Exciting Book For Science Fair Projects. 

A brand new, up-to-date edition of the bes! 
known science expenment book In the 
world. Compiled by science instractors 
under the auspices of NESL in Paris 
251 pages, featuring optical projection, 
LAT plectnicity, chemistry, astronomy mag 
Бреста netism. geology, physiology and more 
Describes experiments with easy-to-follow 
=" ii instructions, diagrams. PASS01 $12.95 


Ө 
vie 1 
€ Become A A » 
Jr. Geologist! 
` Our colorful cut-out mag 
it features the 16 major miry 
erals found in the U S. Actual ^ rock specimens are affixed 
to the map with an explanation of the mineral make-up of each 
A great introduction to the science of geology. Эха!" 
PA38,388 $4.49 (3 or more $4.00 ea. 


Аа ast 1 inch Helium-Neon Laser. 


po 
j enhanced sion usefulness. 
Features improved beam pointing stability for 


reduced short-term amplitute variations for laser recording ant 
reading: and advanced hard-seal techniques and new develop 
ments in cathode tube technology assuring both increased oper: 
ating life and unlimited shelf life. 0.5 mw class I| product 
Designed for the Laid. of наа environments. Hard seal 

tube. $250. PA34,881 NOW ONL $20t 


Can be used to hang tools, clipboards, trouble 
lights. etc. from steel beams, cabinets or 
machinery where disfiguring permanent attach- P4 
тыт. is not desired. 258" Q.D. in steel Ar й 
brass Swivel eyelet. PA42,098 $10 


Perform Experiments With Prisms í 
Discovered by pius -— M В 


tions. -Turn ‘sunshine nt 
lace bend light, even 
make а periscope. You can 
m Newton's basic dis- 


ion of white light into the 

spectrum experiments. includes 5 ac Vicar 
4 da angle (90° roof, 45° edges) А-Ы MEN irae nd 
3" lengths. One wedge prisr (20° roof). 
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from America’s Largest Mail-Order Market Place of Unusual Values in Telescopes. Binoculars, Magnifiers, Microscopes, 


Science Kits, a E Toys, Military Surplus, Fiber Optics, Lasers, Solar, Photo and Weather Instruments. 


| 12 Foot Light Show Of Multi-Colored Bulbs 
Makes Unique Window Display Or Decoration. : 
| Weatherproof Light Ropes create moods, s 
rab attention for sales displays and trade 
ths and are one-of-a-kind decorations. 
Clear plastic 54" ible tube encases 44 tiny, 
brightly A wa bulbs in 12 ft. long М 
Ropes. Can be used indoors and out. Male 
and female connectors at each end allow you 
to mix and match color strands. Lights in the 
горе will move in a stationary partem ог 
"chase" each other at a variable speed you 365, 
select. A transformer is required MIN j^ 


Stars That Glow In The Dark Turn Your 
Bedroom Ceiling Into The Night Sky. 

amg Assortment of 250 lumi- 
M س ا‎ N nous stars that glow in the 
boll Asis "€ تاک‎ dark on ceiling or wall. Light 
a child's room with the beauty of glowing stars and have fun 
h astronomy. Easy to apply decals glow after exposure to 
it. Comes with star chart and instructions to recreate the 


Dipper, Milky Way and the heavens. Рд9521 $3.95 | lights. 
tors By The Bag For Hobbyists, Modelmakers. ies? PARE BGS: ive PASS MET. aren 
Picar b nio PA38,658; PA36,659: Amber/Coppar 
К / 1 Our inexpensive PA36,660; P Color PA35,279 


Light Controller for forward and speed control. TOV 0н: 


— wheels go ‘round, 


input. Speed selector switch will handle up to 8 Light Ropes. 
propellers turn. PA35,280 $24.95 
S armis Miniature Water Pump For Photo Darkrooms, 
fun ov dido imo: Science Fairs, Water m | 
1 to your scence fair EN =>; _= 
jects, demonstra- жж”! o 
15 and experiments — £3 s This tiny pump can pump a 
п this special buy of — f pe int per minute with a 12^. /. 
1" motors with 3° h flow. Ideal for tempera- ` 


| ture control and circulation ГАШ. i: Р 
of darkroom chemicals, table fountains, тойа ш. va 
filtration and more. Can be used in either direction and is sell 


k shafts and 2 wire — 


The Handboller priming. Operates on 2 flashlight batteries (not incl.), runs up 
A Demonstration 0f Physics. to 48 hours before battery change is required. 4" tube incl. 
M liquid ает T the der "Moisture Magnet" Absorbs Moisture 

A your hand that increases the vapor pressure | ANd Helps Stop Mildew And Musty Odors. 
(CL. within эрен The warmer your hand, "Moisture Magnet’ virtually 
301 the better it works in this unusual demonstra- slags Samprata ane 
ne Ң i ; mi i , 
[c MUT eee HIDE $n Place in closets, drawers and 


.w basements—Dry Guard alumi- 
zv x num Canister contains rois. 
E. ture absorbing chemical beads 
= that absorb water. When 

beads tum pink, just heat in oven and 
reuse. Chemically inert, non-corrosive, non-toxic, will not 
impart odor or taste. PA36,681 $6. 95, 3 or more $6. 25 ea, 


Metric Triple Balance Ohaus Scale With 


Dial-0-Gram® Single Pan Balance. 


The classic weighing instru- 
ment, provides accurate 


eat AM Radio Reception With Select-Atenna. 
ten To Station WOR N.Y. When In Boston. 

is new antenna will bring in those een, distant, 

A radio signals loud and clear. 

'T now get excellent radio recep- 3 
on all AM stations. Select-A- 
na turns your AM radio into a 
verful receiver Used in Alaska to 
| in stations from continental 
i. Employs mutually inductive 
ipling Mini-jack and plug 


LM 
Г 
dm, 


a" dia PATZ, Hi pt od after 
mi ca year. con- 

10 Foot Solar Dirigibles str derer ap weigh 

Fly In The Sky When | ing — liquids, 

Exposed To Sunlight. Lya solids, or live ani- 

1 : mal, Three tiered, 
M = J M ста cicer denen wige i gba ‚ 10-100. 0-10 grams) have center read- 

Do کی‎ QU: 1 ‚ Stan L6" pl 

PA ma LI E RR ЫП | 
arth hb sun. Weighs only 2 ounces. Accessory Weight Set, expands scale to 2 510 cap. Incl. 1-500 
ТАР = 7.2 Soar Diriglbles PA35,889 $9.90 | and 2-1,000 gr. wis. PA41.766 $24.95 


Build Your Own 2000° Solar Furnace With This 


Pn abr ig diac aridi к Fresnel Lens And, Harness The Sun's Rays! 
мар pE Haal bast komt. 8 моби г. You'll be able to use this pre- 
You'll be amazed at what ll up. Wt. “cision lens аза кис 

= 2lbs., measures 4x334x3'4* Made with a = for heating food, as a kiln for 


` pottery апа even to melt 

А <4 metal or for other solar à 
i periments. Lens has an 81" 11. 50 lin 

pe inch, measures Otad? tA" thick. 
mounted lens comes with 16 page 


| ере Chloride coating to resist cor- 
mand chipping. PAT1,135 $29.95 | 


per Snooper™ Electronic A Ear Picks Up 


junds From Over 40 Feet / A book, "Fun With Fresnel Lens” Instructions 
ls will have fun with the Super included on how to build the 360° stand 
yoper electronic toy that gives and frame shown. PA70,533 $19.30 
ber-human hearing, indoors a RRS oa ee ПЕ ҮЕ ГЕЧЕ" 
j out. They'll be able to listen Newton's Third Law Of Motion Demonstrated 
jirds and animals before they With The Swinging- “Wonder. __ 


1 be heard. Just point the disc 
] pull the trigger. Sounds are 


T up from ower 40 feet in the 
Powered by a 9V battery | 


? (| | 


| Digital Thermometer Shows BOTH | 
| Indoor AND Outdoor Temperature, 


| Its hard to put down once you 
start playing with it. Swing one of | 
the nickel plated balls and watch | 
{һа one on the opposite side 
swing back. Consists of 5 balls | 
suspended by monofilament to 
the wood frame, 2 no 

39 $21.95 
Mini version B pee chrome 
frame, 2x1/»x1334" "PAST,AT2 $3.95 


padded, adjustable head- 
phones. Black and silver. | 


ANS 


| by а. For Day's High AND Low! This Clever Gadget Will 
"EE SACRAS Now youll know at a glance, | Tell You How High You Are. 

| ey || with large, easy-lo-re Whether you're driving cross country or 

\Ш] T i readout numbers, both the | hiking m ر‎ ao this Altimeter will 

are} outside and inside tempera- tell you how high you are. Shows eleva- 

| | Het ture readings. This unique | tion from sea to 15.000 feet. Can be 

| | агаа dm mounted to dashboard with self sticking 

period or day you sad; Hu tape (incl.) or has pre-drilled screw holes. Also has built-in 

| E? selectable. Readings пот barometer. With case. —— rae وی‎ 
له‎ to +122° F Modem | Build Your Own Clock Of Paper 
| За" Eg "y j . 
ing case, 7x3 vex" sy to mount on any wall. Uses 2 AA | It Really Keeps Accurate Time. 


[teres (not incl.), comes hen $39.95 with Ра 3051 Pel vd 
1507 cord 


atch A Society Of Ants Dig ied: Build 
idges And Move Mountains Before Your dim 


ts are the world's finest engineers... and 
ping them plan and construct their intn- 
le highways and subways is lascinating 


e абран 


4] PW. amplifier and headphones. 


Үр » Life-Size Pumping-Heart Model a 
S | Circulation Of Blood Through The нип. 


Close Inspection Is A Snap With The: 
Edmund 25X Pocket саре 


| ONLY $6.95 iem 
раз8,43 Reg. $295 


Carry this pocket microscope 
with you—it's only 5" long, 
brushed aluminum finish and 
cket clip. Precision ground 
| f 
il inspection, Clear ra 
base gives sharp view. e 
Offer limit: only 7 per order. 


The Chandler G ope — 
A Classic Favorite For 75 Years. 
xil Ww. Demonstrates “gyroscopic inertia" SO 
ЖУЛА) in space as first recorded by Isaac Newton 

— s Anobjectrotating about a fixed axis creates 
a condition in which tha axis holds its 
position with respect to inertial me m 
matter how the spinning object's 5 
iS moved about. Machined, pain де 
balance-fitted all by hand. Complete with 
instructions and pedestal PA37,265 $5.95 


with T SISTI Magnetic aa 


ben a mountain or odd geometric pat- 
tems with these fascinating, high impact 
plastic marbles. Each marble has both a 
negative and positive pole. A challenge їо | 
your imagination. Fun for youngsters, А 
adults, RU 20 marbles per package T 
968 (Package of 20) $3.49 

pass fe (Package of 100) $14.95 


100 Piece Peg Board Hardware бирта, 


, SPECIAL 
PURCHASE! 
Brand new indus- 
° trial peg board 
r= hardware at avery 
speçial savings. Our bargain pack con- 
tains 95 J" hooks and 5 six-place "screw- 
driver" racks. Organize your workshop, 
lab, school room or office at a fraction of 
the usual cost. PA36,835 $8. 


Flash Rocks. ET 
Strike them together and see ~a 
amazing flashes inside the rocks! A 
The source of light is a miniature 
* that occurs in 


the Quartz material within the rocks. It's nature's Piezo effect. | 


Pack af 3 bags (6 rocks). PAST, 474 $5.95 


looking at the inside of your aye. 


incorporating a рано mirror 
and lens light. Safe and easy to 
use. A 52 page booklet included, 

d hes the varios features in- 
sida the normal eye; how the iris 
works. kinds of floaters and fixed 


Ultra-Sensitive Directional Sound Amplifier 
Picks Up Signals 200 Feet Away! ~ 


Used for police surveillance and excellent , 
for nature study, microphone and head 
set amplified sounds up to 200 feet away. 
Overhear con | 


are out of hearing 

ifs light enough (only 3*2 

ounces) so the microphone 

can be mounted on your binoculars. Com- 

pa measures only 127 Powered by 1 "АДА" 
attery, included. Frequency response 200Hz to m Hz, out- 

put level 49 db's maximum. Complete with padded 


Squeeze the ball pump and watch the 
life-like continuous action of "blood IL 
being pumped through the visible heart ут" 
chambers — just ке a real heart. Oper- 
ating model used by doctors, educators 
and students. Ideal for science fair 
poeci: Finished model is 117 g, 
asy lo assemble, complete with in 
structions and бора frame and 
stand. $14.98 


M Magic Topsy Tu Turvey. А sat of four multi-colored 
‘with а secre 

m at defies the laws fone _ Ж 
ity. When “ane rotated, a 
the tops will automatically 
flip upside down as the 
spin. Set of 4, PA37,172 $8.95 


Dur Intelligent YoYo With А "Brain fs The — 
Longest Spinning Yo-Yo Around! PA320 


A simple flick of the wrist pre- $9.95 
5 this patented yo-yo, 


| Have You Ever Seen The Inside Of Your Eye? | de^ 
p Eyescope is an optical device for || Iz 


Its a specially designed diffuser | | 


rough the large plastic case of the cage 
15") of this giant ant farm, 
u'll see the ant Soldiers guard- 
| the roads, the laborers carry- 
] thelr load and the supply 
rps storing away food forthe Pis 
ole colony. When you retum B ^ - А | am 
|! enclosed certificate you'll "Ez —» 
;eive by return mail (in about 2 weeks) a large quantity of 
н ster ants. Complete with white sand РАТО,295 518.95 


= = = 


EL NE m Ы. 


For Phone Orders, Call но! 


1(609) 547-8880 


for friendly special treatment 


ise VISA, MasterCard, Diners Club, American Express 
or Carte Blanche. Call anytime, 24 hours a day. 
OST ORDERS SHIPPED WITHIN 48 HOURS 


[B 


Min] it to spin freely at ће 4 
end of the string. Suspended, € 
you can do tricks, such as “Walk 

‚ ROCK The Baby," "Brain 
Twisters” and more. It operates 
on a centrifugal clutch principle 
that allows it to spin faster and 
longer than any other yo-yo 


Digital Thermometer i: 


How Cold | н Is Outside. 
This new high- -tech marvel reads tempera- 
g | ture in your home and outside, too. Can 
|| be wall mounted — just extend the 5 ff. wire 
| sensor gut the window and close the win- 
dow. Operates on one SV battery (пої 
inci}. Readings trom —40°F to 199*F, 
measures 2032/47 РАЗА,005 $24.95 | tne clear plastic body shows the clutch in action. 
tely satisfied with your purchase, return the merchandise 
it е y chee lly refund your money in full. We back our products! 
tional guarantee meang you take no risk on any product you buy from us. 


Edmund Scientific Co. 


Dept. 19D1, Edscorp Bldg., Barrington, NJ 08007 


No Risk Guara Guarantee! н 
in its original pack 
Qur 45 day uncon 


before returning to the user's hand. Precision engineered, 


The Vortx™ More Than A Money 
Performs spinning tricks and high maneu- 
-— з PRU onto the launching pad. 
unit in a circular motion, — ^ 
is creates an immense amount ûf speed 4 ‘ail 
causing the coin to spin around and (+ 
around until it i drops to the bottom ‘S 
storage еи. “The longest continuous 
rolling so far is 33 hours, 18 minutes’ 


Full of fun and surprises. 

Simply click the jump- Challenge your skills, spin the coin back 

ing disc between your up the tunnel or spin it upside down, plus 

fingers, rub for a second, | more. Made of tough polypropylene. In- 

lay it on amy Xm d. structions included. РАЗТ, 832 $1.95 — 
smooth sur- e—a 
tace.. and M 8 | Build A Working V-8 Demonstration Engine. 
POPY It preg ae c A great introduction into what's 
into the air, з - | = behind your gasoline-powered 
leet high. Friends ч engine. The їй scale realistic 


wontbeabletnre- a” 
sist tinkering with ^ 9^ 


| expand, a cool surface makes it 


bi I 


A Can’ To ла One Inch. 


| Helps promote a cleaner envi- 


model contains over 
100 moving parts. You 


wn. ed - - ( سے‎ can actually watch the 
stainless steel discs : P ne Bo dF, pues 
work on the principle of F 4 | /, э. [4 open and close, rods and різ- 
thermodynamics. Heat b es ®- ET me tons move. Easy to build, 
(rubbing the discs) makes metal | requires model glue for as- 


ату, takes two С batteries (not incl.). 
Complete with stand. PA70,448 $39.95 


Revolutionary LCD Quartz Watch 
| Powered By Ordinary Tap Water. | 
Our HO watch runs on ordinary tap water. It i 
never needs batteries, Just fill it ир with water 
once a week. This accurate quartz timepiece 
has three tiny water tanks each with copper and 


So MA ni 
mpletely Flattens 


zinc plates. Water is absorbed into the port- | 
holes on the side of the watch. Electrons travel 
from the zinc plate to the copper plate thus 
РАЙ Fe power that drives the watch. Clear 


inner workings. 


. Ciar $ 
$22.95 


Piedad 
PA3T, 


Made of the finest high-car- 

; bon, mst- soe etn H 
= rigid standards of the: 

army. emm d with sheath. For collectors. Used, but in ex- 

cellent condition. (Not available to NJ residents or minors.) 


Polish Water-Worn Beach Agates, 
And Garnets With Our Rock Polishing Kit. 
x Enjoy a unique and fascinating hobby 
is лы ЗЧ jewelry of beautifully 
lished gems and stones 
rom rough rocks found 
everywhere. рин kil 
includes powerful 


Simple to use, just pull the lever. 


ronment and condenses trash | 
in your home. No mare bulky 

All steel modal 
measures 1379419415" Easy 
to mount. Light tan. 


| | t 5, 
am Wild Tornado. C 


ing 
; tumbler with a 115V heavy 
|) Our Tornado Tube | | duty motor, three pound 
assembly allows barrel, a large selection of 
MM T 776 assorted (ex grit v 

| nomenon of a natu- $69.05 i insin Ante 


or 16 oz. plastic 

‘soda bottles and For the hobbyist with imagina- 
? tion there are many uses; with 
= mini tays, robot component, 
= displays, demonstrations, etc. 


tap water. Ў 
Instructions and | |: 
explanation of sei- 


entific principles Micra size motors wete origi- 
included. ; _~ nally designed to advance the 
Pkg. of 2 tubes. | film in disc cameras. Measures o Ae (ху хз" Н 

502 $3.75 | with a Ye” dia. x Sia” long shaft. At 3 volts 200ma, will 


do 7500 roms. Solar cell to run motor, PA31,276 $5.95 
Pkg. 25 PA36,341 $18.75 Pkg. 100 PA36,342 $50 


> Radiometer...A Space en: 


Its fascinating to watch €: 

within this 5" ision е sphere spin 
faster and fast uet d Арыы 

ciple of solar heating. When light strikes the 
vanes it transfers heat, and the vanes begin 
to move. Works from direct sunlight or ar- 
tificial light. An attractive “conversation 
piace" $6.95 


to-eat assortment 
üt freeze dried 


late, and vanilla ice 
cream that melts in your’ 
rd | mouth. It is real ice cream ^ 


Fascinating to watch. Simply 

duck the bird's head into a glass 

of water to begin парру rds 
в 


bobbing motion. Then 


takes over, continuously dipping | frozen to —40°F, vacuum “= 
into the water for a drink. | dried and sealed in a pouch. U.S. astronauts similar ice 
РАБО ТТЕ $3.95 | creamon space missions. (Pkg. of2 pale it IM $4.50 


[Гл ores arce Em ga eame For ak ea = eee БНН. НЕР НЕ 
Edmund Scientific Co. =тоскно. 
Dept. 1901, Edscorp Bldg. 
Barrington, NJ 08007 
METHOD OF PAYMENT: 
O Check enclosed O YISA 
О MasterCard O Diners Club 
[1 American Express Û Carte Blanche 
Exp. Date 
Card Number і 
—————————— Total Price і 
Bank Number (MasterCard only) i 
In ҺЫ Add 69 Sales Тах 
ج ج س‎ Add $2.50 lor | 
RUSH FREE 80 PAGE postage and handling J 
FULL COLOR CATALOG =f encLoseD _ 
| 
[ 
І 
Address — | 
| 
City Stati nli} | 
------- Serving Science Hobbyists Since 1942 — — — — — ~ 


SPECIAL OFFER TO 


Popular 
Science 


READERS 


------------4 


| POPULAR SCIENCE 
| BOX 280 
| BABYLON, N.Y. 11702 


| Please send me the 1988 Popular Sci- 
| ence Travel Map and Road Atlas. | en- 
| close $3.95 (check or money order, no 
i cash). 

[ Name 

i Address 

| City 


State 


"i| NN 


You can get a free 18-by-26'2-inch enlarged | 


copy of the 1988 Travel Map, folded to store in 

your glove compartment, when you buy the new 

Popular Science Road Atlas for $3.95. This 

handy travel duo will help you plan your vaca- 

tion. The 80-page road atlas is printed in full 

color with easy-to-read type and symbols that 

emphasize everything travelers need to know. 

Included are: 

e Maps of all 50 states, 10 Canadian provinces, 
and Mexico 

e Full-color relief map of North America 

e Maps of 35 major cities 

e Weather maps of the U.S. showing average 
sunshine, rainfall, snowfall, temperature, and 
humidity 

e Transcontinental mileage chart 

e Easy-to-use map index on each page includes 
populations of cities and towns 


104 | POPULAR SCIENCE 


Rings of power 


| [Continued from page 67] memm 


Terry Walsh, Bechtel's project man- 
ager, finds fault with this rippled sup- 


| port design. “As the coil cools down it’s 


going to be pulling against the point 
where it’s restrained,” he says. Walsh 
is concerned that these high-stress 
points will cause strain on the conduc- 
tor as well as dangerous hot spots 
from friction. He says that Bechtel is 
studying an alternative approach in 
which a telescoping support structure 
absorbs coil shrinkage and expansion. 


Ring sharing 


The benefits associated with SMES 
are wide ranging. “With SMES, the 
utility can operate all plants continu- 
ously at one hundred percent efficien- 
cy,” says Boom. And in the event of 
generator failure, “the power control 
equipment can prevent a blackout by 
switching the unit from charging to 
discharging in thirty milliseconds,” 
he adds. Boom also says that SMES 
could make it simpler for utilities to 
buy power from intermittent alter- 
nate energy sources, such as cogener- 
ators and wind and solar power 
plants. 

Where would a SMES site be locat- 
ed? “It depends on what the facility is 


| going to be used for,” says Filios. Al- 


though a laser weapon probably 
would not be located right next to an 
electric utility, it would be more eco- 
nomical if the two shared a SMES. 


| The reason: A SMES is only econom- 


ical if it's used continuously. Other- 


| wise, the savings from generating effi- 


ciency are lost to the costs of 
refrigerating the coil. A large 5,000- 
megawatt-hour facility would require 
a 1%-mile-diameter exclusion zone, so 
populated areas are out. This is be- 


| cause as the superconductor cools 


down it generates strong magnetic 
forces. The aluminum ring must also 
be buried in a bedrock trench to coun- 
terract these forces. 

Although the free-spending mili- 
tary has firm plans for SMES, the 
trick in persuading a frugal utility to 
build is to reduce operating costs. One 
way of achieving this is with the new 
generation of high-temperature ce- 
ramic superconductors. “Without re- 
frigerating cost constraints, smaller 
SMES units could be economical,” 
says Boom. So far the current-carry- 
ing capacity of these warmer super- 
conductors is not high enough to be 
useful in a SMES facility. But the 
pace of developments in the field lends 
credence to their possible use in the 
future. 

Boom is optimistic that economical 
SMES rings could have even more ex- 
otic applications: storing energy for 
space platforms or powering rail guns 
or tanks. 


Weird cameras 
[Continued from page 74) mmmmmmum 
field control and calculated motion 
blur. Others, however, may fret at 
being kept in the dark. 


Top zoom 


The last camera in this group, the 
SLR Ricoh Mirai, is the only one to 
meet this problem with a something- 
for-everyone approach. The photogra- 
pher can ignore, if he wishes, the 
exposure and shutter-speed informa- 
tion that he sees in the viewfinder. 
These settings are determined by the 


| auto-exposure program, as in all such 
| auto-everything cameras. But if he 


wants to change something, to get a 
faster speed for sports action, for ex- 
ample, or a wider aperture to throw 
his picture's background out of focus, 
he can do it by pressing one of two 


| small buttons to shift the exposure 
| program up or down until he obtains 


the desired setting. 

The Mirai has other unusual as- 
pects, including a swiveling six-posi- 
tion pistol grip that folds flush with 
the camera body when not in use. (The 
grip seems designed for small hands; 
a larger accessory grip is available for 
ham-handed photographers.) 

More important is the Mirai's near- 
ly four-times zoom ratio, from 35mm 
to 135mm. Ricoh engineers were able 
to squeeze such a long lens into a rel- 
atively small space by using a vari- 
focal design. This type of lens is shorter 
than a true zoom, but must be refo- 
cused every time the focal length 


| changes. But with a precise and rapid 


autofocusing system (a phase-detection 
system here), refocusing is no problem. 

The through-the-lens viewing sys- 
tem is also unusual. The viewfinder 
is tilted down slightly, by eight de- 
grees. Ricoh engineers claim that a 
downward viewing angle is more nat- 
ural than a straight-ahead look. 

Even the film advance is unconven- 
tional: it's sprocketless. Infrared sen- 
sors detect the precise location of the 
film's perforations. The result, accord- 
ing to Ricoh, is enhanced spacing ac- 
curacy between frames. 

The Mirai's available shutter speeds 
are more typical of the latest advanced 
SLRs than of point-and-shoots: from 
32 seconds to Y2,000 second. (Fastest shut- 
ter speed with the Genesis is зоо, with 
SuperZoom and the Samurai, оо.) 

This combination of niceties, espe- 
cially the long zoom ratio, degree of 
exposure control, and fast shutter 
speeds, place the Mirai at a somewhat 
different level from the other cameras. 

Naturally, its price is at a different 
level too. Suggested prices for the four 
cameras: $795 for the Ricoh Mirai, $600 
for the Olympus Infinity SuperZoom 
300, $535 for the Yashica Samurai, and 
$530 for the Chinon Genesis. 


Grip, don’t slip 


[Continued from page 71] ——-———m | 


speed sensors in the car’s ABS sys- 
tem (see drawing) were detecting 
spinning at either driven wheel as it 
began to occur, causing the appropri- 
ate brake to slow that wheel to a speed 
where it regained traction. Meanwhile, 
I had the odd sensation that the gas 
pedal was resisting my foot. It was, 
my companion explained. A solenoid 
at the throttle butterfly automatically 
fed the engine less fuel than I was 
lead-footedly asking for. 

To cap off the demo, Teves engineers 
ran the BMW up a ramp with one side 
of the car on slick ice and the other 
on dry pavement (see photo)—a worst- 
case traction scenario. Then, to drive 
home the point fully, they used the 
BMW to tow another car up the ramp. 
Enough already! 

The 1990 VW Passat will be avail- 
able in the United States with Teves 


ABS/TCS, and some 1991 Ford and | 


Lincoln models will also use the system. 

Robert Bosch Corp. of West Ger- 
many is Teves's biggest competitor in 
the ABS business, and the first to put 
ABS systems with traction control in 
production cars. The Bosch feature is 
available in European versions of 
Mercedes-Benz S-class cars, and in Eu- 
ropean BMW 535 and 7-Series cars. 

BMW’s version of the Bosch system 
uses only throttle-valve and ignition 
intervention to restore traction. The 
Mercedes variant acts on both the 
throttle valve and the rear brakes 
[^Traction!" Nov. '86]. Both BMW and 


Mercedes say they're planning to bring | 


traction-control-equipped cars to the 
United States before long. 


Forecast: affordable ABS 


American braking system manufac- 
turers are tooling up for traction con- 


trol too. Kelsey-Hayes Co., the Delco | 


Moraine division of General Motors, 
and the Bendix Automotive Group of 
Allied Signal have all developed ABS 
systems with traction control that will 
be appearing on U.S.-built cars and 
light trucks in the early 1990s. 
ABS equipment manufacturers feel 
that within a few years they will be 
able to build traction control into an 
ABS-equipped car at a cost to the 
buyer of $100 to $250, depending on 
the capabilities of the system. But will 


this be an option few customers order | 
because the ABS that goes with it al- | 


ready adds $1,000 to a car’s sticker 
price? The predictions are that as the 
volume of cars built with ABS picks 
up, the cost of the braking aid will 
decrease to $400 or less, making an 
ABS/traction-control package avail- 
able for as little as $500. If this comes 
to pass, millions of vehicles will be 
stopping and going with a much 
surer grip. 


NRI trains you at home to 


START YOUR OWN FULL- 
OR PART-TIME BUSINESS AS 
A SMALL ENGINE EXPERT 


There’s cash for the F: d 
man who can service > 
lawnmowers, chain 
saws, garden trac- 
tors, motorcycles. 
NRI's Master 
Course in Small 
Engine Repair in- 
cludes 45 lessons, 
professional tools, 

5 HP engine plus 
optional training at 
Tecumseh Factory 
Service School. 

Send coupon or 
write for free catalog. Е | 
NRI Schools, Eh NM 

3939 Wisconsin Ave., angine. power gensrator 
Washington, DC 20016 you keep! 


aire ` SCHOOLS 


McGraw-Hill Continuing 


Education Center m Under GI Bill. 
3939 Wisconsin Ave. сй Check for 
Washington, DC 20016 ШЕПІЙ details. 


We'll give you tomorow А 
| [ ] YES! Send me your free catalog describing course and career | 
| opportunities in Small Engine Repair. | understand no salesman | 
will call. 


| Name (Please Print) Age | 
| Street m | 
* City/State/Zip = 

| Accredited by the National Home Study Council 1104-019 | 


THE ALADDIN 
CERAMIC 
SAFETY FURNACE 


AD 5 YR. LIMITED 
Ый WARRANTY 


Bes little powerhouse provides you with 
5,200 BTU's of heat, while reducing amp 
usage to save you money! 


Safe, efficient and durable, the ceramic ele- 
ments operate at lower than the combustion 
point of most household materials. Thermos- 
tatically controlled. 


Six inches tall and weighing only six Ibs., 
this attractive brown cube furnace goes any- 
where you go. 


Home * Office • Workshop * Industrial 
Marine * RV * Farm 


Credit card customers can order by phone, 


Toll-Free 1-800-327-0586 


SEND TO: Pierce Arrow Co. 
Р.О. Box 17343 
Nashville, TN. 37217 
Send Ceramic Heater(s), 43002 at $99.95 each, plus 
$5.50 each for insured shipping, handling. (TN. residents 
add 7.75% sales tax. Sorry no C.O.D. orders). 
O My check or money order is enclosed. (No delays in 
processing orders paid by check) 
PLEASE ШШШ — (qa. 
CHECK: Û — C1 i 
re Rp ———  'Á—— M —Ó 
PLEASE PRINT CLEARLY 
Name 


Address 


America's 
First Silver 
Dollar 


Real legal tender of our 13 
Colonies — two centuries old 


U. 3 dollar L 
sign ($) 


Siua in New Spain from 1772 to 


| 1825, these magnificent silver dollars 


were popularly used in the 13 Colonies, 
and Thomas Jefferson recommended 
that they become official legal tender of 
the United States. Denominated 8 | 
Reales, occasionally some were cut into 
quarter-dollar pieces (hence the expres- 
sion ‘‘two bits"). The U.S. dollar sign 
($) is believed to derive from the scroll- 
effect pillars of the reverse. These 
historic coins remained legal tender in 
the U.S. until 1857 and were the most 
favored trade silver dollars in the world. 
They're real scarcities in the well- 
preserved quality we offer. Our supply 
bears ‘‘chopmarks’’ of Chinese mer- 
chants — proof of their world travel. 


Each silver dollar is a big 39mm in 
diameter, contains 27 grams of .903 
silver, and comes with a Certificate of 
Authenticity attesting to its Fine quality 
and genuine status. While current sup- 
plies last, prices are as follows: 


1 coin, $75; 2 coins, $150; 
3 coins, $215 (save $10); 
5 coins, $345 (save $30); 
10 coins, $675 (save $75). 


| Order 771444. Limit 10 coins per 


customer. 100% satisfaction quarantee: 
you may return your order within 15 


| days of receipt for a prompt no- 


questions-asked refund. 


To order by credit card, call 
toll-free 1-800-451-4463 (24 


| hours a day, 7 days a week). Or 


send a check or money order to: Inter- 
national Coins & Currency, Inc., 11 E. 
State St., Box 218, Dept 758, Mont- 
pelier, Vermont 05602. Postage and 
handling: add $5 on orders up to $499; 
no charge on orders over $499. Special 
presentation cases for individual coins 


are also available at $2.50 each. 


Wordless Workshop 


By ROY DOTY 


$50 to Seth Aronson of Yardley, Pa., for this idea. Send yours (with 
Social Security No.) to Wordless, POPULAR Science, 380 Madison Ave., 
New York, N.Y 10017. Only purchased ideas can be acknowledged. 
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For This ~~ Ж 35mm Camera 


Plus Receive 200 Rolls Of Film Free During Our Introductory Offer!! | 


[bis is not a misprint. Tbe 
beadline is absolutely 
correct. For this one low price 
during our nationwide introduc- 
tory offer, you will receive our 
top quality 35mm camera and, 
at no additional charge, you'll 
also receive our Gold Card re- 
deemable for 200 rolls of either 
Kodak or Fuji film! 

For this one low price you 


can look forward to years of 
professional quality photogra- 
phy -- GUARANTEED IN WRIT- 
ING -- under a limited five year 
warranty that says your camera 
will be free from defects in 
material and workmanship. The 
50mm lens produces clear, 
sharp, quality pictures every 
time. And the adjustable cli- 
matic F-stop will have you 


taking pictures like the pros in | 
a snap! 

This Precision Yamasheta 
35mm Camera comes com- 
plete with paralax corrected 
view finder, built-in hot flash 
shoe, 50mm optical lens, lens 


| cover and neck strap. And, 


don't forget the 200 rolls of film} 
absolutely FREE!! 


Special introductory offer for a limited time only, once terminated, orders will 


be returned unopened. Offer limited to five (5) cameras per bousebold. 


DAVECO 


Don't miss this golden opportunity. Order 
today. Send $29.95 plus $3 
postage and handling for each camera to: 


Yes! Send my professional quality camera today! I've enclosed 


Name: 
Address: 


City: 


State: 


C/O Yamasheta Introduction Dept. ps 1 i 
4001 S. Decatur Bivd. Suite 336 i 
Spring Valley, NV 89103 i 

for cameras. 

: 

! 

і 

| 

| 

Zip: | 


l——————————————————————————' 


Steve Jobs’ r evolutionary new computer [Continued from page 70) таштата 


But in the best tradition of show- 
manship, Jobs saves one piece of the 
system for last. “Two years ago we saw 
some new technology and decided to 
risk our company that we could pull 
it off years before anyone thought pos- 
sible." Jobs lifts a small five-inch- 
square plastic package from the desk. 
"It's this," he says, "the world's first 
read-write-erasable optical disc. The 
computer comes with two hundred and 
fifty megabytes of removable mass 
storage." 

Jobs stops talking, presumably wait- 
ing for applause from the captivated 
crowd. But the hall falls strangely 
silent. Moments pass, then a single 
shriek of laughter overcomes one 
viewer. It's the shrill of a game-show 
contestant who has just learned he's 
won the car. Jobs smiles, realizing his 
audience isn't disappointed, only 
dumbstruck, and he continues his mo- 
nologue: “And each cartridge only 
costs fifty bucks." 


Corporate struggle 


But disappointment would not have 
been new to Jobs. 

Although Sculley and Jobs began as 
friends, Apple's board of directors pres- 
sured Sculley, now chairman, to oust 
Jobs. After a heated and lengthy cor- 
porate struggle, Jobs' office was moved 
across the street (nicknamed Siberia), 
where he was exiled from making pol- 
icies and doing work. He came to work 
for only a few hours a day. Soon, with 
nothing to do, he stopped coming at 
all. 

He spent the summer traveling in 
Europe and then as a recluse in his 
Woodside, Calif., mansion. His only 
contact with the press was a quick "I'm 
OK" to a reporter who vigilantly 
camped out on Jobs' driveway. He toyed 
with ideas ranging from entering pol- 
itics in the United States to entering a 
monastery in Japan. And he read. 

Jobs became fascinated by textbooks 
on microbiology, studying how DNA, 
the coding of cells, is recombined in 
the laboratory by a time-consuming 
trial-and-error process. To learn more, 
he called Paul Berg, a Nobel laureate 
in biochemistry, and asked him to 
lunch. Could Berg's experiments be 
hastened by a fast computer with the 
right software? When Berg answered 
yes, Jobs’ notion for his next endeavor— 
the NeXT computer— began to solidify. 

Jobs sold all but one of his remain- 
ing Apple stocks to invest $7 million 
in his new company, and he informed 
Apple's board that he and four "loyal- 
ists" were resigning. (Those loyalists 
turned out to be key people at Apple, 
which resulted in a lawsuit that was 
settled out of court.) 

The groundwork for NeXT had been 
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laid, but Jobs needed additional funds 
and—more importantly—prestige be- 
fore the higher-education community 
would even consider looking at his ma- 
chine. Where do you find prestige and 
money? Jobs didn’t. They found him. 

Texas billionaire H. Ross Perot was 
relaxing in his home, casually flipping 
through his TV channels: football, 
soaps, sitcoms... and Steve Jobs. Jobs 
was one of several millionaires spot- 
lighted on a documentary about entre- 
preneurs. Perot liked what he heard, 
called Jobs, and eventually offered $20 
million for a 16-percent share of NeXT 
stock. Carnegie-Mellon and Stanford 
University added another $1.32 mil- 
lion. NeXT was born. 


Black hole 


"Let me show you what it can do,” 
says Jobs. He pulls out a chair like a 
pianist about to perform, sits in front 
of the black keyboard, and begins 
touching the keys. An icon of the op- 
tical disc appears on the screen. "It's 
booting," Jobs reports. 

In moments the screen fills with 
movable icons and menus. Dont like 
the arrangement? “You can tear off 
pieces of it," Jobs says. He skillfully 
maneuvers the mouse-driven cursor, 
slices off a piece of icon, and moves it 
to a swirling circle at the bottom of 
the screen. The icon disappears. "It's 
a black hole," says Jobs. "We thought 
we'd get a bit more sophisticated about 
getting rid of things.” He turns to the 
audience and grins. “No trash cans 
here." 

To demonstrate multitasking, Jobs 
quickly calls up four stopwatches, then 
gingerly moves them to different 
places on the screen. They're all run- 
ning—accurately—but all have been 
started at different times. "The me- 
chanics of the watch have been stored 
in a library," says Jobs, "so they can 
be used by other programs for any an- 
imated movement." 

That ability to capture extensive 
programming with the mere click of 
a mouse is at the heart of what Jobs 
calls an Interface Builder. Dragging 
buttons, switches, and sliders from a 
palette of “radio” controls, he quickly 
connects them within a graphics dis- 
play of a single molecule enclosed in 
a cylinder. As he points the cursor at 
each control and clicks the mouse, the 
bouncing molecule changes speed— 
duplicating what would happen in real 
life under a variety of conditions. Ac- 
cording to Jobs, programs that once 
took months to write can be “connec- 
ted” this way and created in days; an 
hour or so with Interface Builder saves 
weeks of programming work. 

In addition to programming tools, 
the NeXT machine comes with pro- 


prams like WriteNow, a word proces- 
sor; Mathematica, for symbolic math 
computations; Allegro CL Common 
Lisp, used for artificial intelligence 
work; and Digital Librarian, for high- 
speed data-base searches. What kind 
of data bases? 

Also included on the disk are the 
complete Webster's Ninth New Colle- 
giate Dictionary (with pictures), Web- 
ster's Collegiate Thesaurus, the Oxford 
Dictionary of Quotations, and the com- 
plete works of William Shakespeare 
from the Oxford University Press. Jobs 
uses the dictionary to look up mercu- 
rial—a word often used to describe 
him. “Hmmm. ‘Characterized by un- 
predictable changes in mood, ” he 
reads from the screen. “I don't think 
that’s so bad.” 

Pictures materialize on the screen 
as Jobs pulls them from data bases. 
Dr. Martin Luther King Jr. appears, 
and his famous “I have a dream” 
speech—in King’s voice—flows from 
the computer’s remarkable sound sys- 
tem, which will eventually close the 
show by playing a stereophonic violin 
duet with a member of the San Fran- 
cisco Symphony. 

Suddenly a large screen above us 
displays three initials: IBM. 

“Yes,” says Jobs in reference to re- 
cent rumors circulating throughout 
the industry, “it’s true. We've licensed 
our software to IBM. The same appli- 
cations can run on either machine." 
A revolution—again? 

A new super-sophisticated machine. 
Incredibly easy-to-use software. Com- 
patibility with future IBM PS/2 com- 
puters and work stations. Has Amer- 
ica’s foremost entrepreneur done it 
again? There are critics. 

Some say the NeXT machine isn't 
really revolutionary: It uses off-the- 
shelf components that stiff competi- 
tors like Sun, DEC, and Apple will 
have as well. Canon, maker of the op- 
tical disc, is expected to announce 
other users soon. And Motorola will 
be offering its new microprocessor and 
digital sound system to others too. 
Also, Jobs’ computer will only be sold 
to colleges and students. Market ana- 
lysts quickly point out that a student’s 
funds are limited. And studies show 
that consumer interest declines rapid- 
ly as prices go above $3,500. 

Could all that hurt Jobs’ future vi- 
sion of computing? Maybe. But not 
right now. Jobs slowly walks to the 
center of the stage as his three-hour 
one-man show draws to a close. He 
holds up his hands: “Well?” he asks. 
“What do you think?” 

There’s a standing ovation. "EH 


NeXT, Inc., 3475 Deer Creek Rd., Palo Alto, Calif. 94303 


| Give Your Engine The Same Treatment 
Used By Racing Car Drivers! 


With men who drive professionally, powerful engine performance is crucial to success. When these race car 
| drivers get into their private cars on the highway, they want the same top performance from their engines that 
they demand on the track. That's why so many of them use FLURO-COTE. You can test it with absolutely no risk. 


e Increase Mileage * Cut Down on Friction 


Here's what e Make Cold Starts Easier 
FLURO-COTE e Cut Down on Expensive Overhauls 
will do * Increase Engine Compression 


Boost Acceleration * Increase Horsepower | 
* Decrease Operating Temperatures | 
* Extend Engine Life 


for your car: 


i Taylor Enterprises International, Inc. 
202 W. Hillcrest Ave., San Bernadino, CA 92408 


Rushme |. |.  8o0z.FLURO-COTE @ $19.95 plus 
P CUTS i $2.00 Р/Н. (Califfornia residents add 6% tax.) 
MER. | j Charge: O Visa O MasterCard O Discover 
E aaie \ C] American Express 

ro) 


Because it contains 5 times as much super poly $ pF 
lubricant, FLURO-COTE does what the competi- = f | 
tion only promises. Try an 8 oz. container and be  : ‘Ey, 
convinced! Only $19.95 plus $2.00 P/H. D 


Acct. No. —  Exp.Date 


| | ү | Signature 
To order CALL TOLL FREE 1-800-999-1995 E | O checkor monev ord Ба 
OR MAIL COUPON TODAY! E -— а ۱ y'Orcec ene. 
Sold on 100% money-back guarantee! FLURO- | .-—— 1 Print Name 
COTE must do everything that we promise or re- nes i Address 


Е turn empty container for full refund. 
| If not convinced, send for free brochure. | city -_ State _ Zip 


= in. i UE BJ LL A i JB LJ LJ جه ع حه‎ LA 
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WORLD'S SMALLEST ———— 
WEATHER STATION 


7.9 | 
We've got 
е е 
а job so important, 
It takes a retired person 
to do it. 

After a lifetime of working, we want you to handle one 
more job. 

Maybe the most important job you've ever done. 

We want you to help give new lives to the 27 million 
Americans who are functionally illiterate. 

Today, illiteracy has become an epidemic that has 
reached one out of five adults. But you can help stop it by 
joining in your community's fight against illiteracy. 

Call the Coalition for Literacy at toll-free 
1-800-228-8813 and volunteer. Beating illiteracy is a 


big job. But you may find it's the most rewarding job 
you ve ever had. 


THE AMAZING WEATHER COMPUTER THAT 
YOU CAN HOLD IN THE PALM OF YOUR HAND. 


DIGITAR's new TWR-3 Micro Weather Station includes 
a computer, precision wind vane and speed sensor with 
mounting hardware, and 40 feet of cable. For only 
$159.95. With the optional, automatic-emptying RG-2 
Rain Collector ($49.95) you can even monitor rainfall! 

x WIND SPEED ж RAINFALL (Optional) 

+ WIND DIRECTION + TIME OF DAY 

ж WIND CHILL ж AUTO SCAN 

ж WIND GUST RECORD ж METRIC / STANDARD 

* TEMPERATURE * NICAD READY 

ж HVLOW TEMP RECORD ж ONE YEAR WARRANTY 


MAGNAPHASE INDUSTRIES, INC. 
cou. 1802 PIKE STREET N.W. 
MADE IN U.S.A. AUBURN, WA 98001 
ORDERS ONLY: 800-322-1502 
| INFORMATION: 206-735-0474 FAX: 206-735-9044 


Volunteer Against Illiteracy. 
The only degree you need 
is a degree of caring. 


Мс à 
Council CBalition for Literacy 


М/С & VISA 
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Shoppers’ Showcase 


A selection of products and services for Popular Science readers avail- for this section, write Advertising Sales, PoPuLaR Science, 380 Madi- 
able direct by mail. Enjoy the fun and convenience of mail ordering son Avenue, New York, N.Y. 10017 
shopping. Please order directly from the advertiser. For advertising rates 


MUST PUBLIC NOTICE: 
| Due to a variety of reasons, (overproductions, dis- 
z continued lines, Etc...) manufacturers & distributors 
L I С) U | D A TE get STUCK with inventories that must be liquidated. 
DAMARK walks in, lays down cash, and takes the 
A T FAR BELOW entire inventory. This is how we can offer you 
DEALER COST! 


products at BELOW DEALER COST! Just LOOK 
atthe values below and order today - QUANTITIES 


=ч  — LAPTOP 
COMPUTER 


^ Here's a portable laptop com- 

| puter that goes anywhere! It's 

| lightweight and portable yet in- 

| cludes features of a powerful 

| full size IBM compatible desk 
| top! 

* ІВМ PC compatible. * Flip-up, easy to read. 

| * High contrast, supertwist crystal display. 

IE] + Two 3-1/2" 720 KB floppy disk drive. 

{| * Processing speed: 


SHARP "1 8x POWER ZOOM 
= VHS CAMCORDER 

RECORD YOUR MEMORIES gam S CAMCO 

FOR YEARS TO COME with 

this Sharp VHS-C Camcorder 

with a high speed electronic 

shutter! 

* Bx Power Zoom lens, variable speed 
with macro focus. 

* Electronic viewfinder for instant play 
back. 

* 1/1000 high speed electronic shutter 
for blur-free still images 

* HQ (High Quality) picture. 

* 1/2" CCD image sensor w/F.1.6. 


* 60 minutes recording time in EP mode. [ = ir 7.16 MHz. Manufacturer's 

* Auto focus, iris, white balance and Mfg. Sugg. Retail Suggested Retail: 
date/time. * Dim.: 16"H x 4-1/2" W x 11'L "ыш... í 

* Weight: 2.6 Ibs. « Model#: VL-C73UA. $1,799.99 . 640K RAM. Чол Шер $1,499.99 


. Case model #: VA-737 7A. 


DAMARK PRICE: 
Package includes: 


* Carrying case. * 1 hr. battery pack. * AC adapter/charger. 58 49 

* VHS cassette adapter.» VHS-C blank tape. • A/V output | i 
cable. * RF converter. * Strap. • DC out cable. VHF 
connecting cable. * 1 "AA" battery.» Lithium battery. 


PACES TEL 


Step into the 
future with these 


* 78-key step-sculptured keyboard with integrated numeric key aL Ха 258 : 


pad. * 80 characters x 25 lines. 

* Software: Operating system MS-DOS 2.11. • CRT adapter. $| 

· Battery powered. * Dim: 12-1/2"W x 3"H x 13-3/4"D. 

* Weight: Approx. 10 lbs * Model 4: PC-4501-3. 

* Full Factory Warranty! 2 


Order No. B-1052-112557 
Insured Ship/Hand.: $11.00 


CASI 


ACTION! COLOR! 
EXCITEMENT! All 
in the palm of your 


Order No. B-1052-112599 
Insured Ship/Hand.: $10:00 , 


I LIQUID CRYSTAL 
COLOR TV 


QUEUE PLUS H п | yw 

TELEPHONES = E ell | 
Electronic Programmable 
Thermostat w/ Weather Monitor 


efficient, sleekl V | | di 
designed Bell à hand! The latest in pi Е o Бы у Es LM Lusia 
telephones! With electronics pro- energy bills! |. | 
number memory, vides the best pos- Automatically } 

you're just "опе | sible signal recep- controls the | 

touch away" from | tion. Perfect for temperature in | 

friends and $ sporting events, your home, | 

emergency picnics, traveling, & keeping you |) 

numbers! almost anywhere! comfortable LL 

* 3 emergency speed dial buttons. * 9 # memory. • One-Touch Auto while saving energy. 


Factory New & 
Factory Perfect! 


* Lighted dial. * A genuine Tuning - One touch 
Bell phone. * LED hold button. l and unit automatically searches for & locks in 
* Ringer volume control. on the nearest receivable station. 


* Saves up to 35% on energy bills. 


Queue Plus 2-Line phone : 
* 6 temperature settings a day. 


2 lines & line status 


indicators w/3-way | т. | el Manufacturers M ° 7 daily programs available. Manufacturer's 
conference. - Tone/pulse switchable. | * Built-in Backlight - for brighter 5 ted Retail B * Program the entire year in minutes.c ted Retail: 
Suggested Retail Mfg. Биек Retail pictures night or day. * Soft case, 9Uggesteo Metall M, Automatically switches between uggesied hetan: 
$109.95 9.95 * Dim: 1-1/4"H x 3-3/10"W $229.95 heat and cool. $84.95 


DAMARK PHICE: 


$39 


(Ivory) Order No. B-1052-1 10550| 
(Grey) Order No. В-1052-11 056! : 


" CE: x 5-1/8"D. * Uses 4 "AA" Ў 
DAMARK PRICE: batt. (included). DAMARK PRICE: * Works on 95% of all furnaces. DAMARK PRICE: 


* Uses 9V alkaline battery 


$ 2 4 Screen sz.: 2 inches. (not included). 
| * Model #: TV-400. i * Average installation 
(lvory) Order No. B-1052-110544 @ • Full Factory Warranty! I on 9 


time: 10 minutes with a 


| (Grey) Order Мо. B-1052-110551 " Factory New & t 
(Burg.) Order No. B-1052-11067 ( Burg.) Order No. B-1052-110569 Perfect! | Order No. B-1052-106948 screwdriver. 22 Order No. B-1052-106005 
Insured Ship/Hand.: $5.00 | Insured Ship/Hand.: $5.00 = Insured Ship/Hand.: $5.00 * One Year Warranty! Insured Ship/Hand.: $4.00 
ИШ ИШ ИШ ИШ ИШ ИШ ИШ ИШ ИШ ИШ ИЙ ИШ ИШ ИШ ИШ ИШ ИШ ЕШ ИШ ИШ ЕШ ЕШ aT ип иш иш ип иш шш шш 


МАМЕ PLEASE 


DESCRIPTION ORDER # PRICE 


ONLY $3.95 plus normal S/H. f IN оу, 
Look for the plane & ask Е 
your operator! i 


Sales Tax 


ш 1-800-950-9090 


йй LJ CHECKIM-O. LIVISA GRAND TOTAL 
E C] MASTERCARD [0 DISCOVER © CARDNO. EXP. DATE. B-1052 


ШИШ send To: DAMARK INTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, MN 55430 MEIN 
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Total 5/НЛ 


Шш ee | sce EG Oe 
aT — sT— zip. aa 
ia PHONE STATES ONLY - am didum 
MI FOR FASTEST SERVICE ——— — —— іад ا‎ | | 
ini CALL TOLL FREE | MasterCard VISA RUSH DELIVERIES SUB TOTAL | 
mad 
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Enlarge Project Designs 


Craft Projector is Simple! Fast! Accurate! 
Projects on to: Drawing, Graph & Tracing Paper, Wood, 
ш... — Other Surfaces. 


Picture to be enlarged is 
placed at image opening 

at bottom of projector. 
Adjustable lens enlarges by fractions up to 27 Y: times for 
the size you wish! Copy unlimited ideas for craft designs. 
Enlarge patterns, designs, portraits, still lifes, landscapes, 
photos, slides, designs on coins and jewelry. Projects in 
exact colors. Does not damage original. Simple instruc- 
tions. Uses household current and 60 watt bulb. Send 
$19.95 plus $2.95 shipping. 30 day money back guarantee. 
Norton, Dept. GT-238, Box 2012, New Rochelle, N.Y. 10802 


ENLARGE or REDUCE 


Project Designs, Pictures 


Accurately. Easil 
Й ү ү 


u 


Enlarge to over 10 times ог. 

reduce to less than 

1/10th of the к 

original size _ E» 
-— “uy 


With the Panto- | — | | 
graph, even without <), КУ | | 
| 


drawing talent, you oa 
can copy unlimited | T d | 
ideas for designs | E 

that can be used in 

any project you work on. Easily 

copy designs, lettering and pic: | | 
lures from newspapers, тада: : = 

zines, books, photos, etc. Just place the point on the image 
you wish to enlarge or reduce. Then follow the lines as the 
pencil end automatically reproduces the outline in exact 
proportions to the desired size directly on your work sur- 
face. Easy to follow instructions included. (Send $5.98 plus 
$.95 shipping. 30 day money back guarantee). 


NORTON, Dept. 380, Box 2012, New Rochelle, NY 10802 


QUICK-WEDGE 


SCREW-HOLDING SCREWDRIVER 


Drives screws ||| 
anywhere with 
one hand 


Blades wedge into 4-PACK with 

screw slot to hold FREE RACK 

it firmly and start it $ I 4*5 

at any angle... with 

one hand (add /5¢ for shipping) 
Includes 3". 4" & 6" blades 

UNCONDITIONALLY to fit most screws 

GUARANTEED | 

Visa‘ MasterCard No. 

Expires 

NAME 

ADDRESS 


CITY / STATES ZIP 


SIGNATURE 

KEDMAN COMPANY, INC. 

P.O. Box 25667, Salt Lake City, Utah 84125-0667 

Copyright © 1887 by Kedman Company PS 19 
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HOW-TO! 


Discover hundreds of manuals, 
industrial handbooks, paperbacks, 
reprints, and privately published 
papers on unusual technical sub- 
jects ranging from melting metal to 
building windmills, and from electro- 
plating to blacksmithing. 


hs as 


Build a precision 
lathe for lass than 
$50 without power e 
tools or other Ad 
precision у 

instru- 
ments! ¥ 
It's true! 


tha most remarkable mailorder f 
bookstore ever! We probably have just the technical how-to 
information you've been seeking for yours! 


Melt 
Metal! 


blower into a powerful " 


Build a precision ipse milling machine, 
drill press, rotary table and indexing head, a sheet m 
brake, and more! Learn how to make a surface plate from 
scratch and use it to rebuild used machine tools. Build a one 
lung engine! Design steam engines and boilers! Build a 
# в айш- © | welder! Make your own drill bits, taps, dies, reamers, end 
е ета pot metal, and ides. Wo built one mills and much more. Prospect and reclaim precious metals! 


for about $10! Uses grocery store charcoal! Pour custom Make bricks and glass! Much more! 
castings! pr — € — — 


| me e deed cda mia ree i | Lindsay Publications, 
ЕЕЕ Вох 12-EW, Bradley IL 60915 

Write fo r i Tm Send a catalog! I've ik i U.S. & 

a catalog! i 


Canada. ($4.00 foreign airmail) 
| Write for your copy of Lindsay's 


giant Technical Books catalog. 
Send $1.00 (US & Canada — 
$4.00 foreign airmail). Don't miss 
out. Write today for a catalog and | 
order the books you need while 
they're still available. Write today! 


Name 
| Street 
City 


! 

| 

ї 

| 

| State Zip — i 
| = 


Бы; 


AW, eee rath 
F 


| ua vg la Ц. [| 


1250 НОМЕ DESIGNS 


ONE OF THEM IS YOURS. 


Dept. BK, 23761 Research Drive, Farmington Hills, MI 48024 
Please RUSH by return mail (check choice]: 


O (1) 315 ONE STORY HOMES 

(under 2,000 sq. ft.) $4.95 
[1(2) 210 ONE STORY HOMES (over 2,000 sq. ft.) $4.95 
C (3) 150 1-1/2 STORY HOMES $3.95 
17 (4) 360 TWO STORY HOMES $6.95 
[1(5) 215 MULTI-LEVEL HOMES $4.95 

C] (6) 223 VACATION HOMES $4.95 PSM91 
C] SEND ALL 6 BOOKS AT $19.95 (A $30.70 VALUE!) 


Find your dream home in these six exciting 
volumes packed with proven, innovative 
home designs. Order your favorite category, 
or send for the complete collection, with over 
4.050 illustrations in 1,136 pages! 


SAVE! Order our complete 
collection, all 6 books, only $19.95! 
(A $30.70 value.) 


Satisfaction Guaranteed! Credit Card 
Orders Call Toll-Free 1-800-322-6797 


Name 
Address - 
a > HMÉÁÓBE(e../.'| pe— — ANS 


in Canada. add 20% іс above pnces 
and mail in Canadian funds to amount Үз 
HOME PLANNERS. INC. d $1.50 for Postage. 


20 Cedar St. N. MS residents 
Kitchener, Ontano N2Hews add 4% » sales tax. 


JANUARY 1989 | 111 


Be Your Own Boss and Make 


$30.00 
AN HOUR! 


Your FREE Lifetime Security Fact Kit tells you how to 
make $18.00 to $30.00 an hour in your own roley- 
Belsaw Full-Service Saw and Tool Sharpening Busi- 
ness. Your FREE Fact Kit explains how you can: 


— be your own BOSS! 

— work full time or part time, right at home. 

— do work you enjoy and take pride in. 

— operate a CASH business where 90¢ of every 
dollar you take in is clear CASH profit. 


And it is so easy to learn. Foley-Belsaw gives 
you all the facts and instructions. No experience or 
special training is necessary. Foley-Belsaw tells you 
everything you need to know to be successful. 


And there's plenty of business available in your area. 
You will be able to sharpen all types of saws. garden 
and shop tools for home, farm and industry. 

You will be able to set your own hours and not have 
to worry about layoffs and strikes. And there are no 
franchise fees. Any age person can succeed. 


But you ve got to get the FACTS before you can 
get started. So write NOW for your FREE Lifetime 
security Fact Kit. It's yours to keep with NO 
OBLIGATION. 


Sd T E 


y ИР 


FORGO ттн | 


alute those veterans who came back, 
as well as those who haven't, with this limited-edition 
POW/MIA commemorative belt buckle. Hand cast in 
genuine pewter, rendered in enameled patriotic colors, 
emblazoned with the words, "NEVER FORGOTTEN,” it 
carries with it a stirring dedication (on back) which reads, 
In part, “...fo the families and friends of MLAs who 
feel the pain and walt patiently.” 
drniniinieininieeininipteinininieininininininieininidieinieininiek 
X The buckle also carries а Чет, bone to you. One $ 
* dollar from every p * 
' directly to the ye prot POW/ $ 95 x 
MIA League in Washington, D.C., 
Ж to help bring our heroes home. 
ОРООЧ ОЧ rir: 
Intricately detailed and measuring 3%" wide by 2'4" high, 
it Б sent to you in a blue velvet pouch and is available 
now for only $19.95. (For an added $9.95, we'll mount 
it on a handsome walnut plaque.) Your commemorative 
buckle comes with a complete thirty-day satisfaction 
guarantee, and will be shipped within 48 hours. 


TOLL-FREE, 1-800-227-8529, 24 hours a day. 
(In MA, call 508-695-8699.) 
Add $2.50 for shipping and handling. 
THE HALCYON GROUP 


6 WILKINS DRIVE SUITE 208 
PLAINVILLE, MA 02762 
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| | send NOW for your FREE | 
Lifetime Security Fact Kit! 


F Mi 

FREE cy 

LIFETIME 1-3 
SECURITY : 


FACT KIT 


I Foley-Belsaw Со. 
и 6301 Equitable Rd., De 
- Kansas City, Mo. 641 


pt. 20784 


_ YES, | want to know more! 
Please rush my FREE Lifetime Security Fact 
Kit. 
TET 
Address 
City Slate Zip 


| 
Area Code Phone 


| FACTORY DIRECT CLOCKS AND | 


| i A FURNITURE $100) 


mee Do-It- Yourself Kits 
^. 8 or Assembled а FF | 
Ph NL Ер: ang Finished М IAL 
s ° PURCHASE* 


i I e Grandfather Clocks, 

. dM Mantel and Wall Clocks 
Ea! eCabinets, Chests, Tables, 

| Chairs, Desks...and more! 

ME e Solid 3/4" Black Walnut, 

1 Cherry, or Oak 

! e Heirloom Quality 

e Solid Brass West German 
Movements and Dials 

EE e Money Back Guarantee 
| Kit Prices 

Starting at $89.50. 


$ *Minimum order $99 


$1 FOR 
40-PAGE Ж. 
FULL-COLOR @ 


(Ох Л!) CATALOG 
мл 


EMPEROR 
CLOCK COMPANY 


World's мава Manutacturer of Grandfather Clock Kits 
Dept. CP-3020, Emperor Industrial Park 
Fairhope, Alabama 36532 * Phone 1-205-928-2316 


I am interested in 
гт Do-tt-Yoursell Kits ГЇ Finished Clocks O Finished Furniture 


Name 
Street 1 MW 
City . ———— —á——— 


State 1 5 Zip 


(Please Print] 


WE AREN'T FINISHED... 
UNTIL YOU'RE SATISFIED! 


Since 1928, WOODCRAFT has been 
an industry leader in supplying quality 
products to woodworkers. Our services 
and guarantee are the best, our quality 
control program, second to none. Buying 
from WOODCRAFT gives you that kind 
of commitment... plus a whole lot more. 

Why not give us a try, you won't be 
disappointed! 

To receive a free copy of WOODCRAFT's 
tool catalog, please call toll free 
1-800-225-1153 or write: 


Box 4000, Dept. P519 
41 Atlantic Avenue 
Woburn. MA OIKEE . 


| HEARTH-AID? Il 
| FIREPLACE GLASS DOORS 


You dont 
need to 

| sacrifice your 
Fireplace's 
appearance 
or the delight 

| of an open fire to 
be Energy efficient. 


For Free Information and Details Write: 
Fireplace Hearth Aid, Dept. PS 
106 Reynolds Dr. 
Franklin, TN 37064 
1-800-742-HEAT or 615-790-1609 


ü F 

Rx Eyeglasses ‘Breakthrough’! 
ow To Buy Direct By Mail 

Safe. Easy. Full line of frames, lenses & сон, Sport & dress 

| ‚ FAST delivery. Try tor 30 

days 100% Guaranteed. 

300,000 sold. Send for 


ee eo Ue a or B 
ue охра. ыы акый ы, Operates on 115 VAC 


power, Ful ткн эгар d ү Ош. А 
Size (less aft) SW" x dA" x 3° . 5 lbs. 


CALL 800-228-3407 


Burden's Surplus Center 
1015 West “О” * P.O, Box 82209-PS * Lincoln, NE 68501-2209 


Ask For Free Catalog! 


FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE 


+= + + x + PRESENTING ж e + x + 


EEA STARRING к de x eo 

JERROLD, HAMLIN, OAK 

AND OTHER FAMOUS MANUFACTURERS 

* FINEST WARRANTY PROGRAM AVAILABLE 

& LOWEST RETAIL WHOLESALE PRICES IN Li 5 

в ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 
FOR FREE CATALOG ONLY 1-800-345-8927 

\ FOR ALL INFORMATION 1-818-716-5914 


PACIFIC CABLE CO. INC. 
7325", RESEDA BLVD.. DEPT 1427 
RESEDA, CA 91335 


with € Badge A Minit 


Yes, it's really possible by making 

and selling bright, colorful Badge- 

A-Minit buttons. Buttons are 

proven money-makers at fairs, 

flea markets, conventions, of 

anywhere people congregate 

They're fast and easy to make 

with Badge-a-Minit and 

inexpensive! 

Send for a FREE Full color 

catalog and idea book, ог 

send for a Starter Kit, only 

$29 95 plus 51.75 shipping 

(IL residents add $1.8/ tax) 

BADGE-A-Minit, Dept PS 189 | 
348 North 30th Ad.. Вох 800, LaSalle, IL 61301, Phone (815) 224-2090 


He's making a concrete flower 
pot... and so can YOU! 


Make and sell your own 
ornamental concrete items. 
Order your book with over 
425 aluminum molds, prices 
and production trade secrets 
trom world's largest mold 
manufacturer. 


Only $700 


CONCRETE MACHINERY CO., INC. 


P.O. Вох 5-99 Hickory, NC 28603 


== 


RATHER BE FLYING? 


| зл 
{сер 


Our booklet, Getting Started in 

Flying, tells you how safe and easy 
flying can be, and starts you toward your 
own private pilot's license. 


Send $6.95 (US) plus $1.50 shipping to: 
Spire 
| Publishing 


S008 Crossridge Cr, Dept. 5А 
Woodstock, GA 30188 


$2.00 per cat. 
(Refundable with 
first order). 


BUCKLE 
CATALOG 


over 400 shown 


Wildlife: Military: мє be Send to: 
Masonic: Historic: BUCKLE CONCEPTS 
State Seals; Hobbies: 1669 S.Voss, #608 B 
Occupations, etc. Houston, TX 77057 


PVC PIPE FURNITURE 


NEW! All Band, 
Scanner by 
АОК „^4 


Low, Hig h, 


HF, Aircraft 


and has priority. 
20 Channels, 

«Includes antennas and belt 
clip. Full range of accessories 
available. 

* No Frequencies cut out or 
excluded. 

“дад Day Satisfaction Guarantee. 
Full refund if not satisfied. 

* Size: 2" x 534" x 14" wt 12 oz. 

a Uses 4 AAA batteries, not 
included. 


ARBB80 


Total Price, Freight Prepaid 
(Express shipping Optional) 


5199% 


COMMUN ІС CATIONS 
10707 E. 106th St. Indpls., IN 46256 


Toll Free 800-445-7717 
Lm Visa and MasterCard 
(COD slightly higher) 

In Indiana 317-649-2570 Collect FAX (317) 849-8794 


| 


Tandy Leather's 
new catalog — 
with over 140 
new products! 


A treasure trove of nu 
enjoyable projects for © 3 
hobbyists of all ages 

and skill levels! 100 


pages packed with the finest in leather- 


crafting kits, supplies and tools. Plus 
garment leathers, how-to books, more! 


TANDY LEATHER COMPANY 


For your FREE catalog 


See the White Pages fora store near you. 


Or send $2.00 pstg./hdlg. (refunded on 


1st. order) to: Tandy Leather Company, 
Dept. Р5 189, P.O. Box 2934, Fort Worth, 


TX 76113. 


MAKE MONEY 
Swiss International 


GOLD AND PRECIOUS MEAS MERCHANTS* 
Will buy your scrap... 
OGold 


„ OUnwanted Estate or 
| damaged jewelry 
' Jl a Dental Gold 
7 OPlatinum 
OSilver 
OPalladium, etc. 


*registered trade name 
Highest 


Prices Paid 


WE WILL SEND YOU PAYMENT IN U.S. FUNDS. 
ALL TRANSACTIONS STRICTLY CONFIDENTIAL 


Purchaser becomes owner of goods received. 
All metals to be melted down and considered 


| 8 HP Tecumseh engine has cast , 


| 6" Superbooster Duct Fan 


FREE Е 


| Equipment 


N Northern 


КЖ c E 


ORDER TOLL FREE 
1-800-533-5545 in MN 612-894-8310 


Sale Good Thru 1/31/89 Key #78701 


SAVE NOW AT — 


Powerful 4000 Watt 
Continuous Generator 


iron sleeve. 100% copper 
windings. Recoil starting. 
Пет #16425. 


зам $399. 99 


—— 250,000 BTU 
А Propane Heater 
Compact, high pressure EST 
heater produces up to | 
250,000 BTU/hour. 23" 
high by 14" diameter. Pi- 
zm lot/salety control valve. 
Use 100 Ib. propane gas 
cylinder. Пет #1736 


C Sale $124.99 
^ | 


12,000 BTU 
infra-red Propane 

Heater. 100% ѕаіе- 
{у shut-off valve. 
Maintains constant 
heat output down to 
minus 30 . Tank not 


1 HP 
Electric Wy 
Motor 1 7% 


Ball bearing with capacitor included. 
start. 3450 RPM, 115 volt. Item #1726 
58" x 1%” shaft with 3/16" 


keyway. Items 0872 


Sale $59.99 


1500 PSI 
Pressure Washer 
has 5-HP Engine! s 
5 HP Kawasaki, 3 GPM pump. paws. water irom a 
barrel or pressurized source. With 30' hose and 
trigger gun. 1 year warranty. Item # 157141 


sale $499.99 
Superbooster Electric Duct Fan 


Boosts air to rooms that are hard to 
heat or cool! 2-year warranty. U.S.A. 


Sale $35.99 


Moves 200 CFM, draws .40 Amp. 
20 Watts. tem# 17283 


Sale $36.99 


B" Superbooster Duct Fan 
Moves 300 CFM, draws .46 Amp. 
5 Watts. tem# 17284 


Sale $38.99 


Send for your 


Shipping not Included 


Discount 
Tools, Parts & 


Catalog! 


Save 
20 to 
50% on: 


a Power Tools 


a Winches & Jacks 


a Hand Tools a Chargers 

g Gas Engines п Air Compressors 

ug Generators and Air Tools 

а Hydraulic п Trailers and 
Parts Trailer Parts 

a Welders a AND MORE!!! 


Te == SS See sss aa eS SS тше SL ج‎ шы 


| 
Send for your FREE 136- Page Discount : 
| Tools. Parts and Equipment Catalog" 
| 
j 


Mame 


AE gg ERE 
| City 

| State. Zip 
Northern, Key #78701, 


scrap. Record of transaction to be enclosed. 
Print in block letters & include in your parcel, your Д 
пате and full mailing address. 


| Profitable Home Business 
Plans, Kits & Supplies 
FREE BROCHURE 


] & L Casual Furniture Co. 
P.O. Box 208 - Dept. PS 
Tewksbury, MA 01876 


P.O. Box 1219, Burnsville, MN 55337-0219 i 


^J Northern 


Where the Pros and Handymen Shop 


send to 

(In Canada) 

51.6. & P.M.M Ltd. 
421 Center Street -PS 301 Sheppard Ave. W. 
Lewiston, New York Willowdale, Ontario 
14092 U.S.A. M2N 1N4 Canada 


(In U.S.A.) 
5.1.6. & P.M.M Ltd. 


Key #78701 


Tel. (508) 851-4514. 
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“War injuries left me 
dicapped, but 
ые Dera аиса! Succes 
as a Locksmith, thanta Ме 
your training. Besides, s 
work is fascinating. et C 
do it anybody can. 
Glen Johnson, Larned, Kan. 


Too! 


Make Up to $26.00 an Hour — even while learning! 


Train 
FAST 


at Home! 


If you enjoy fixing things, you're a "natural" 
to make hundreds of EXTRA DOLLARS a 
year in the fascinating business of Lock- 
smithing. Rising crime has increased de- 
mand for service a thousandfold. Yet there's 
only one Locksmith for every 17,000 people! 


COLLECT CASH PROFITS ALMOST AT ONCE! 


You're "in business" ready to make $10 to $26.00 
an hour a few days after you begin Foley- 
Belsaw's shortcut training. Easy illustrated les- 


enable you to get your share of this always- 
profitable business. Hundreds we've trained 
are doing it. So can YOU. 


MAIL COUPON to discover how Locksmith- 
ing can keep the extra money coming in dur- 
ing spare time —or in your own full-time 
business. Ideal for retirement—good jobs, too. 


FOLEY-BELSAW INSTITUTE 
6301 Equitable Rd., Dept. 11567 
Kansas City, Mo. 64120 


sons complete with ALL practice Pune = N. Hunt, Wilmington, Del.—''|! make $50 a 
PLUS week extra." 

В. Davis, St. Louis, Mo.—‘'! cl 110 last 

€ ALL TOOLS YOURS TO KEEP (.) oo eee 

@ KEY MACHINE YOURS TO KEEP E гы. Ed Boyle, Pittsburgh, Pa.—''My business going 


@ EXPERT PERSONAL ASSISTANCE 
© BUSINESS-BUILDING HELP 

Ет: COUPON e NO SALESMAN WILL CALL 
FOLEY-BELSAW INSTITUTE 


6301 EQUITABLE RD., DEPT. 11567 
KANSAS CITY, MO. 64120 


Rush FREE book, “Keys to your Future.” 


THIS DO-ALL PRO 


KEY MACHINE YOURS 
TO KEEP! Й 


Name 
"Can add $5 add 550 
4 to $100 a week Address 
B to your in- | 
LAA, come... апар City State Zip 

АЙ doesn't cost 

you a penny | 

^o! Mm шиш шн ши шш ши иш иш 


Expl f 

incredible collections of Un n u usual | 

strange electronics | 
Strange! 


electronics books ec 
compiled! 
Discover reprints of rare old i 
books on old time shortwave and Ra re : books of Charles Fort, h 
ing and more. lore 
atual motion ma- 


that strange world of the unexplained... 


broadcast radio, crystal sets, elec- 
trical instruments, pe 

| chines, and much more 
Build Tesla, Oudin & induction coils, 


Wimshurst machines and many others! Re- WRITE 
wind and repair motors! Get high power from FOR A 
auto alternators! | | inan 
You'll find new books CATALOG 
| on secret shortwave sta- | 
tions, treasure locators, TODAY! 
es receivers, мон: Write for V 


our co of 
indsays new 
Electrical Books “™ 
catalog, and see for : 
yourself what you've been “Sg 
missing! Send $1.00 (US & 
Canada) or $4.00 foreign airmail. 
send your catalog immediately! Write 
es ШШ ШШ Е Е 3 å 0 — M Шш 


Tesla! Shortwave! 
Motors! Моге! 


Tm Send a catalog! l've enclosed $1.00 U.S. & 
| Canada. ($4.00 foreign airmail) 


Ї Мате — 


Discover plans & | mior- 1 


А Street 
mation on all types of Sed Jam 
strange electrical equip- I^" 
ment from lasers to century-old ction State Zip 


coils! Build equipment not seen in decades! 
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This VET Did It – and YOU 
Can Do lt 


at top speed. I'm moving to bigger quarters." 


` We'll 
today! 


Г Lindsay Publications , 


| Box 12-WS4, Bradley IL 60915 


= Bea LOCKSMITH! | 


"Fringe Science" Books 


Youll even discover strange books on 
lost continents, perpetual motion,UFO's, 
suppressed inventions, mind control, the 
notism, embalm- 
ringe Science" — 


L – == аа 
r 


e. —— ә €——— ت ت — ——— ت‎ —  — — — — Sl  _ RR 


кэк кэк жк зк к жк клк ЖКК К 
o COLD WEATHER 
NEW TURN ON 


THERMO CUBE 
Automatically Turns Any Heater 
On and Off According To Outside 
Temperature 
Simply insert the Thermo Cube into any 120 volt 
grounded outlet or extension cord and plug in up to 
two heaters. Automatically turns heater on as the 
temperature drops. Three models are avellable-one 
tums heater on at O°F, one at 20°F, and one at 36°F. 
Each automatically turns heater off when 
temperature rises 10° above preset point. Handles 
up to 1800 watts, UL listed. Great for engine heaters, 


MODEL NO. TC-1 (On at 0°Е. off at 10°F). . . $9.95 
MODEL NO. TC-11 (On at 20°F. off at 30^F) . $9.95 
MODEL NO. TC-111 (On at 35°F. off at 46°F) {9.96 
Send Check or Money Order for the amount 
plus $2.00 handling Charge to: 

Mastermotive-H 

565 Lincoln Ave. N.W. 

Huron, SD 57350 


mo 1-800-128-2869 
Ext. - 10 
T kololoolololeloltololelolololol 


| SUBSCRIPTION SERVICE 
| O New [ ] Renewal 
| Г | Change of address 


[11 YR. $13.94 O 2YRS. $24.97 
| [31 YR. (Canada and Foreign) $17.94 
О Payment enclosed O Bill me later 


| ® жата ашаа ата аташа а шт ш У 
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LLLEITEITTITITITIITITITTITITITI 


Occasionally we make our mailing list available to reputable 
organizations whose products or services may be of interest to 
you, If you'd like rnama removed from this list, please 
check the box below. 


О Please remove my name from your list, 

Mail to: POPULAR SCIENCE 
PO. Box 2571 
Boulder, CO 80302 


A public service of the National Institute on 
Drug Abuse and the Office for Substance 
Abuse Prevention. 


eed 


WOOD HEAT 


WOOD FURNACES 
HEAT YOUR ENTIRE HOME 


Call 1-218-326-6786 or Write 
Charmaster? 


2307 C HWY 2 W. 
GRAND RAPIDS, MN 55744 


THINGS YOU | 
NEVER KNEW 
EXISTED! 


since 1974, Write for si fo FREE catalog TODAY from 
erica's favorite mail order fun house. Sand name, 2 | 
address, zip & 25€ Tor mailing. 


Johnson Smith Co., Dept. M-274 Bradenton, FL 34203-3796 L| 
L E B E E E E E E E E | mm ms NE NE тш ONES шш ша 


- ct DAAA 


NATIONWIDE 
PAGING 
VIA SATELLITE! 
* NUMERIC 
* VOICE 


MAGNATRAC* 
f ae e Hm NH NM ын UM шш EN иш шт. 
Ken Buy Factory-Assembled or" * 
Kit. Use for excavating, log- А 
UNES ging, landscaping, gardening. 
Ux" eCATALOG of uses.... $1.00 
e TECHNICAL MANUAL.... $7.00 | 
STRUCK-KIT • Box 307 * Dept. Р519 
CEDARBURG, WISCONSIN 53012 кы 
иш шыш иш иш шиш иш иш шш иш иш иш иш иш I | 


Electricity, 
the Sunelco 
planning guide 
and catalog is for youl 

Packed with "how to" information and the 
most advanced products available, our forty page book- 

| let details the design of RV, home and water pumping sys- 

tems. 

We provide free design assistance and low mail order 
pricing on Arco modules, controllers, batteries, inverters 
and surplus modules. 


Send $3.50 м iron Sunelco Planning 
Guide & Catalog Today! 


SUNELCO, P.O. Box 1499-PS 
Hamilton, MT 59840 (406) 363-6924 


The Quality Alternative to 
^. ia Inflatable 
boats! 


* Holds 5 adults 
• Takes up to 15 hp mofor 


Why pay $1000 or even more for an inflatable boat? 
Our popular Sea Eagle GT-15, shown above, holds 

5 adults, goes over 20 mph and costs only $750. And 
now it features molded-plastic floorboards and tran- 
som for longer life, greater stability, easier assembly 
and no maintenance! 

FREE color catalog! Write: Sea Eagle, Dept. 384, 

104 Arlington Ave., St. James, NY 11780 or phone toll- 
free any time: 1-800-367-3600, extension 384. 


йа Кы ELE — 


NOW! Get in on the 
PROFITS in жа 


SMALL <= 


oe 

ENGINE =: d 
: REPAIR! ay i 

7 yo 


Work part time, full time- 
right at home — we help 
you every step of the way. 


No doubt about it... as a small engine pro, you can cash 
in on the huge demand for qualified men in one of Amer- 
ica's fastest growing industries. You'll be able to command 
top hourly rates of from $25.00 to $30.00 per hour — and 
that's just for labor. A simple tune-up earns as much as 
$49.95 for less than an hours work, and parts, engines 
and accessories will add even more to the profits. 


Plenty of business waiting for qualified men. 


65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn., 
and one-million new engines are being built each month. 
With fully accredited Foley-Belsaw training. you can soon 
have the skills and knowledge to make top money ser- 
vicing these engines. People will seek you out and pay 
you well to service their lawnmowers, tillers, edgers, 
power rakes. garden tractors. chain saws. minibikes. 
snowmobiles. generators. go-carts. paint sprayers. 
snowblowers the list is almost endless. 


Professional Tools and Equipment, PLUS 4 H.P. Engine 
ALL YOURS TO KEEP... All at No Extra Cost. 
NO EXPERIENCE NECESSARY! 

You dont need to be a born mechanic or have any prior 
experience. You can master this profitable trade right at home 
In your sparetime. Lessons are fully illustrated...so clear you 
cant go wrong, and with our famous learn-by-doing method 
you get practical hands-on experience. We also show you 
how to pet business, what to charge, where to get supplies 
wholesaié...all the inside tricks of the trade you need to 
assure success right from the start. 


Send for FREE Facts — Do It TODAY! 

NO Obligation — NO Salesman Calls! 
You risk nothing hvacceptng Uus offer to see how 
easily vou can learn the skills vou need to increase 
your income imn a lhighe-profi business of vour own. 

Just fill in and mail coupon below (or send postcard 
with name and address) to receive full information 


by return mail. 
RUSH COUPON TODAY FREE 


Foley-Belsaw Institute BOOKLET! 
Dept. 51 Equitable R = Send for your 
Kansas City, Mo. 64120 ERIS Е: Дае і 
—— —— ——— ———— —— — ЛИЕ И —— 
g FOLEY-BELSAW INSTITUTE ў 
6301 Equitable Ad., Dept. 51603 گے‎ E 
E Kansas City, Mo. 6412 BELSAW il 
i L] YES, please send me the FREE booklet that gives i 
È full details about starting my own business in Small U 
Ẹ Engine Repair. | understand there is No Obligation and 8 
i that No Salesman will call on me. i 
{ NAME -- [Ê 
ii i 
ADDRESS 
ii i 
i city i 
З ! 
L STATE ZIP J 
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Classified Opportunity Mart 


i 
| 


Reach 4.5 million readers every month with an ad in Popular Science's 
Classified Opportunity Mart. March Issue Deadline (on sale February 
14) is December 29. Rates: $9.35 per word. Min. ad 10 words. Darker 
type (Bold) words $1.00 per word extra. Display Classified: $520 per 
inch. Payment with order, or charge your Visa, MC, Amer. Exp., or 


Ernestine Grant, Class Adv. Dir. 


Diners Club Account (give # & exp.) Advertisers using box number 


in ad must furnish name & street address for our records. Send order 


& remittance payable to POPULAR SCIENCE, Classified Dept. 6C, - 
380 Madison Avenue, New York, NY 10017. For advertising infor- 


mation call soo-a4s-2714. 


CABLE TV 
DESCRAMBLER 


STARGATE 2000 CORDLESS 
/Y CABLECONVERTER $99.00 
THE BEST BUYS & WARRANTIES 
FOR DECODERS & CONVERTERS 
START WITH A FREE CATALOG 
FROM: 
M.D. ELECTRONICS 
115 NEW YORK MALL 
OMAHA, NEB. 68114 
ORDERS & CATALOGS CALL TOLL. FREE: 
1-800-624-1150 


FOR INFORMATION & TECH SUPPORT 


Y^ (402)554-0686 сор. 


BOATS, INBOARD/OUTBOARD 


| MOTORS 
BOAT KITS—PLANS—PATTEHNS — 
FROM HUGE SELECTION — 
§'/70' — Powerboats — Sailboats — 


Houseboats — Rowboats — Hydroplanes 
— Tunnelhulls — Duckboats — Canoes — 
Kayaks — Dinghies — SUPPLIES — 
Epoxies — Fiberglass — Foam — SEND 
FOR GIANT ILLUSTRATED CATALOG 
$3.00 ($5.00 airmail)i—Book “Amateur 
Boatbuilding" $6.00— CLARKCRAFT 16- 
S Aqualane, Tonawanda NY 14150. 


EVINRUDE—OTHER BRANDS 1987 


BARGAINS... All Sizes.. EU ei 00 Han- 
dling. Scott McCulloch Electra 
Marine, 610 Merrick Road, 


York 11563. (516) 599-3003. 


T PLANS —PATTEHNS —KITS — 
For Home Builders. Hundreds of Proven 
designs — 7'/55' — Hydroplanes — Canoes 


— Kayaks — Rowboats — Duckboats — | 


Dories — Bassboats — Sailboats — House- 
boats—Sportfishers— Quick and simple 
Stitchenglu. Tremendous savings! 160- [аке 
DESIGN BOOK $4.00 airmail ($3.00 slo 
GLEN-L, 9152 Rosecrans, Box 1804/PS 9A, 
Bellflower, CA 90706. 


AUTO SUPPLIES & EQUIP 


interior Ё: for ALL vors and pickups 
Industrial Polypropylene 
Available in solid/heavy duty ribbed styles 
Coll or write for your FREE color brochure and 
ad gorse Сорри SAA - 
£: 1-800-624- 2320 = 
CARPET MATE, INC. — Dox 855, Troy, Ohio 45373 
SINCE 1972 NEW DEALERS WELCOME 
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Lynbrook. New | 


Do You Own A 


Garage Door Opener? 
Then You Need The Garage Button® 


Ф The Garage Gution " replaces your ugly door opener Transmitter 
with a shih palióñ mounbed wr vous Cae 
® aiia ıa teda Than 15 manutes wilh very гт ЕНЕ RSI ОРЕ 
No special tools needed 
® Eliminates ihe transmitter battery ey operating off cars battery 
Newer have do юеш аси weak or dead balterses again 
@ Keep nurglars aut of your house Tram transmitter thet 
Thieves cart siaal il il They сап! see if 
- The Garage Button = mounts anywhere in your ca 
fransmitters chipped to 1he sunvesor that may get biel 
Ф Works with all Sears" Сеге е Moore =. Overhead = 
Champaran T, Cinpay * and Staney * garage door openers 
Works with all TAV negatiee ground vehicles 
i Longer range таг а wwe»m»»ertirgnmsmestder Comp = preserves cone 
prolection Order one lor each car, ean and truc 
Makes A Great Gift. Order Today! 1 Year Money Back Guarantee. 
For A Recorded INFO Massage call 24he. 1-404-699-2140 
Vias and MC Orders ONLY call Jahri.. 7 days а week. 


==: 1-800-442-9199 $3 


or Send £165.95 + 3.00 poslage & handing per unit ordered 10: 
Century Systema, Р.О. Box 43725, Dept 512. Atlanta, GÀ. 30336 


r Mo more шге 


SLICK 50 FOR LESS. $31 postpaid. 
ишу discounts. DEALERS WANTED. 
О AMSOIL, ENERGY RELEASE. B&J 
SPECIALTIES, Box 7783-Р5, San Јове, 
CA 95150. (1-800-537-7932). (In CA (408) 
28-SLICK). 


SAVE MONEY Increase Mileage 22- 
30+% Add Power and Improve Engine Per- 
formance Extend Engine Life and Elimi- 
nate Knocks Pings. es дик MAPS, Box 
2171, Spokane, WA 9920 


ALTERNATOR/STARTER repair parts 
and equipment for domestic and many for- 
eign models. Send $2.00 for information. 
5.Q.S., 7218 Ketchel, Comstock Park, MI 
49321. 


AUTOMOBILES 


Fun to Drive! 
Easy to Build! 
PLANS $9.95 


Salislaction Guaranteed or Your Money Baci 


FP sPORTRAN CO. 
PO. Box 70775, 
Endicott, NY 13760 


VAPOR Carburetor Triples MPG. Free 


Information. H&A, R2PS, Bowling Green, 
MO 63334. 


tS It True You Can Buy Jeeps for $44 


through the US. government? Get the facts 
today! Call 1-312-742-1142 Ext. 4606. 


ALTERNATOR/ GENERATOR Rebuilding 


Book. Price: Hedelund Engineering, Box 
26044, Las Vegas, NV 89126. 


How To Buy 


Seized Autos 
Dirt Cheap 


Late-model Luxury Autos, Yachts, 
Boats, Airplanes, Vans, Trucks, Fur- 
niture, Stereos, TV's, Expensive Jewel- 
ry, much, much more seized in Gov't 
Drug Raids and Surplus. Buy for own 
use or resell at BIG PROFITS. Sales 
now being held in your area and 
around U.S.A. For information phone 
1-216-453-3000, Ext. A9367 

© 1988 DSA EA122-1 


BMW —Jaguar— Mercedes— Yachts and 
other confiscations. U.S. Customs Ри ae 
Guide $4.95 plus $1.00 handlin 
809-PS1. Clearlake Road, Cocoa, Has о 


GOVERNMENT SEIZED Vehicles from 
$100. Fords, Mercedes. Corvettes. Chevys. 
Surplus. Buyers Guide, (1) 805-687-6000 
Ext. 5-200325. 


YOU can build the car of the future. 
3-wheeled, aerodynamic, absolutely beau- 
tiful! For full information, color pictures, 
ы prices, send $7.50 to: Bourne fg. Co., 

146-5, Marquez, Texas 77865. 


Direct from successful European introduction. . . 


AUTOMOBILE 
EASY TO INSTALL— SEAT WARMER 


PLUS INTO CIGARETTE LIGHTER 

The bottom side consists of an anti-slide plastic foam 

and the unit is attached by means of elastic rubber belts wil 

clips. Belt lengths are adjustable to dimensions ol any American 

or Foreign car. 

Now you can eliminate the shock of silting on a frigid car seat and 
even quickly add warmth in just a minute or 50. 

Acclaimed in Europe as a balm to people with rheumatism, hem- 

orrhoids, kidney pains and renal 

the gentle almost therapeutic warm 

makes winter driving and riding cozy 

and comfortable 

Easy to install on any auto seat. Tap; 

Textile fur, Васкес with high quality 

plastic foam padding with matching 

rubber belts & metal clips for fast 

mounting, Water protected heating al- 

ements with intemal temp control sys- 

tem. 45" cord with 

Approx. 15 x35"; 40 watts, 12v. 

SEND CHECK OR MO TO: 

A PACIFIC DISCOVERY 

eS PRODUCTS CO, 

We uM 244 ih AVENUE, SUITE 101 

ЗАМ FRANCISCO, CA HITE 


BATTERY MASTER SWITCH 


= 
кы E 
Knob Removal Prevents Fires 
Theft], Baner Drain, Una sirg- 


n rizeduse; P TOME PR 
Cu Ol, &-NYear 


Emergency 
МЕТА, WZ 
or 24 Мой. Side Post Adapter 
IV. Blue Light LIV. Blocker Sunglasses 55.95 or 2 pr 
$9.95 Ship $1 00 BECKER SALES, A519 Wyo Ave 
Му. Pittston, РА 18643. Card no. Exp. Date. Signature. 
Checks, MoneyOrder 


CLASSIC CARS 
BATTERY MASTER SWITCH 


Patent Pending 


Can fit post, 
lug or side ter- 
minal batteries 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off 

Hemove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side AST INC adapter 
BATHU 
Box 27-PS, Tyrone, PA 16686 


814-684-2603 


Quantity discounts—12 units or more. 


Dorothy Ellis, Sr. Class. Adv. | 


ALTERNATE ENERGY . 


FREE HYDROGEN FUEL and Ox 
Generator uses Water and Solar Ce ‘i 
Plans and Kit $12.00. Prairie Power, Bı 
8291, Edmonton, Alberta, T6H OL 
Canada. 


SURPLUS solar cells, panels. Catal 
$2.00 refundable. Applied Photovoltait 
Box 2773, Staunton, Virginia 24401 


200 UNCONVENTIONAL ENERC 
TECHNOLOGIES! AMAZING DAT, 
BASE CATALOG! $2: REXCO, BOX 125 
BERKELEY, CAL 94701 


FUEL FROM WATER. Епос Indepe 
dence with hydrogen. Amazing free repo! 
Merit, Box 694, Louisville, KY 40201-069 


SELF POWERED MAGNET МОТО! 
Power A Generator with it. Patented, n 
on the marketing. $15.00 for plans ar 
drawings to: Classified Marketing, РО. Bi 
34088, Bartlett, TN 38184. 


ENERGY, TESLA COILS, ANTIGRAVTI 
UFO'S, PARANORMAL PHENOMEN 
Information package - $5.00 - HEER, Pi 
Box 5286, Springfield, VA 22150. 


ASTRONAUTICS - 


À BUILD YOUR OWN 
ROCKET MOTORS! 


|| * 40 POUNDS THRUST! _ 
* FIFTY CENTS EACH! | 

* BUILD A DOZEN IN 

AN EVENING 


‘Write tor ur brochus aod we! iani yiu d 
WORKING SAMPLE of an мект igniter that YOU CAN 
MAKE YOURSELF Irom тыаттан pau Ui fing arowa the house 


"Wi x ( 
Dept FS 1 THE TELEFLITE CORPORATION 
11620 Міс SL. Moreno Valley. CA 923 


SPACE/TIME CONTROL TECHNO 
OGY! AMAZING DATABASE CATALOI 
Se ae BOX 1258, BERKELEY, CA 
94701 


ALL TERRAIN VEHICLES — 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 
max 

6 wheel aes V 


passenger? Е 
models 


(21-years-ald and over, Please) 


Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives Industries, Inc. 

60 Depot Street, Buffalo, NY 14206 


AVIATION 


BOOMERANGS ... HI-TECH RI 
TURNS! ABS; POLYCARBONATE; PA 
OLIN; or Wood Constructed. World's Be: 
Boomerangs-Exciting, Collectible. Annu 
Catalog FREE! BoomerangMan, 1806-2. 
3rd, Monroe, LA 71201-4222. 


AVIATION 
"Sn HELICOPTER 


SIMPLE, LOW - COST ASSEMBLY 
® Carries one person-plus 
! * Tip-jet powered 


* No license needed 
PLANS — fully illustrated: 
Only $14.95* 

THE 
Helicopter Experimenter's 
__ _ Only £10. РЫ нана OOH 
Ж SPECIAL! Ж 5 
Both Books: Only $19.95! = 


Pom fer: add £4 FOS. fumds only! 


Р.О. Box 50-A 
AFT идна MD 21139 
А "ELI Credit card order line; 
emt, 1970 dial 1-301-583-6356 
AMAZING  179lb flying machine 


CLIMBS to 10,000 feet NO LICENSE re- 
quired NO WINGS or Helicopter blades 
FOLDS to fit in trunk of car SAFEST, Eas- 
est, Cheapest way to fly for complete info 
+ FREE Demo flight send $5.95 to: Free- 
lom Fliers, РО. Box 135B, West-Pittston, 
РА 18643. (Buy One Be A Dealer If Open.) 


"AURORA" 400A VTOL Aircraft 


Wing span à5 fr 


UE 

Крымга tengih Ый (Crist speed 240 mph 
Height EN. *Sengice ceiling ii OO Fr. AL 
Wing area 82 sq. М Hower coiling AD P8, ҺЫ 
Wing loading ih fsg: H Такео distance Of. INTOLI 

Снег loading Fl лд, it Landing distance hia, TOL? 
Passengers. 1-4 apala Ferry range imaxi WD males 
Crois wesghi 215 lia. Nirmal range Ир + males 
Empr weight METS hs Endurance 2+ hours 


Learn more about this fascinating new айгай. Order your copy al {һе 

recently published booklet “Dawn of a Mew Era; à Gel page inside look 
| at the development of the remarkable Aurora 400A VTOL aircraft. Please 

send $19.00 check or money onder in L5. funds only (524 00 outside 

LISA) payable to Mosheer Technologses Corporation. All orders promptly 
| shipped first class mail. бабас ка guaranteed 


MOSHER — 
oino (СКАЙП 


жю Fiore gaat Road, Miura Verw, CA Sas + 4157 MEN 
Opwnghr FS Mosha bei habiara d phann АМ clara pecunia 


HOVERCRAFT 


| | AERO- CAR Amazing Hovercraft built 
заву with ordinary tools. Lawnmower en- 
zine powered. Carries one man plus. Flies 
wer land/snow/water. Complete plans and 
pook let. $10.95. Aero-Projects, Box 5118Р5, 
Plinton, NJ 08809. 


Г HOVERCRAFT Plans, Parts. Catalog 
1242 Universal, Box 281, Cordova, I 
31242. 


BARTLETT FLYING SAUCER 
ULTRA-LIGHT Hovercraft Featured In 
Documentary Film, "Force Beyond" Pow- 
эгей Ву Огйпагу Lawn Mower Engine. 
Complete Plans and Supply Sources. $10.00 
Send To: Herb Bartlett, PO. Box 156-5, 
Silverdale, WA 98383. 


| DO Super mileage carburetors work? 
FIND OUT FREE! TDC, 2069 Zumbehl, 
Suite 173-2C, St. Charles, MO 63303. 


HOVERCRAFT Plans, 3 to 160 Hp In- 
formation $4.00 ( refundable). Sevtec, Box 
346, Monroe, WA 98272. 


ENERGY SAVING 


CONVERT YOUR WATER HEATER INTO 
A HIGH VOLUME GAS SAVER, WAT-A- 
HEATER, 1422 Eden, Topeka, KS 66604, 
913) 357-5072. 


HOME Energy Saving—50 tips. $3.00 
Lsase. Direct Response, PO. Box 26446, 
Akron, OH 44319. 


RADIANT BARRIER WHOLESALE. 
Highest Quality, Reduces Energy, NASA 
Proven. 214-882-8515. 


HOME CRAFTSMAN 


MAKE WOODEN TOYS, whirligigs, clas- 
зіс autos, swing sets, doll houses, crafts, 
furniture with our plans, parts, kits, sup- 
plies. Color catalog subscription $1. (614) 
184-4363. Cherry Tree Toys, Belmont, OH 
13718-0369. 


COMPLETE CLOCK KITS FROM 25.90! 
Music movements $1.95! Components, 
olans, epoxy, prints-over 800 clockmaking 
items. olesale catalog $3.00 (credited). 
Steebar, P.O. Box 463-5, Andover, NJ 
7821-0463. 


KITES 


rKITES 


FREE COLOR CATALOG 
Choose from over 100 kites. 
Many unusual & innovative designs. 
1 Call or write for your catalog today! 
| Into The Wind • (303) 449-5356 
ge P Pearl St., Boulder, CO 80302 
| -— L8 ЕЯ ЕФЕ 


РАТСНЕЅ DECALS & BADGES 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 
61R Jane, NY 10014, (212) 929-2293. 


BURGLAR/FIRE ALARMS 


UNIQUE Burglary Protection System. No 
wiring. Free Literature. Homeguard Prod- 
ucts. Box 245-PS, Kingsville, MD 21087. 


FOR THE HOME 


PROTECT YOUR HOME While On 
Vacation. How-To Booklet $3.00. Protect, 
119-A Morehead St., Morganton, NC 28655. 


GAS - OIL HEATING BILL GOT YOU 
DOWN? Our product's guaranteed to save 
you $$!!! Send S.A.S.E: "FUEL ENER- 
GIZER", РО. Box 202, Northampton, PA 


| 18067. 


BUY CARPET & VINYL DIRECT. 
Savings to 80%. Name brands. FREE 
QUOTES. JOHNSON'S CARPETS, Dalton, 
GA 30720. (800) 235-1079; (404) 277-2775. 


, ENERGY WASTE Of Fold- Down Attic 
per Free Access To Attic. Plans $5.00. 
o, Box 1320, Roswell, GA 30077. 


DO IT YOURSELF 


4321 CATALOGS listed. Sources For 
Anything! $5.00 Catalogs. Box 92452X, At- 
lanta, GA 30314. 


SOLAR, GREENHOUSE, AND ENERGY 
SAVING PRODUCTS CATALOG! 80 pages. 
Order from one expert source. America's 
largest energy saving mail order house! 
$1.00 роси Solar Tan nents, Dept. PS, 
88 Pine, Manchester, NH 03103. 


ELECTROPLATING Complete textbook. 
Electroplate metallics - nonmetallics. 
$11.95. Details free. Tropic, Box 95E, Palm 


Bay, FL 32906-0095. 


SELF | TAUGHT 


START YOUR OWN BUSINESS 
Complete course, clearly writien with photos and 
diagrams. 140 pages. Everything you need to know; 
where to order wholesale materials, how to earn 
while you learn. How to set up your shop 
Postpaid $40.00 (US). Visa okay. Write for details 
NEON: Peter Horsley Publications 
115 Riverbirch Cres, SE, 
Calgary, AB Canada T2C ОВ8 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RARE INFORMATION DATA- 
BASE CATALOG! $2: REXCO, BOX 1258, 
BERKELEY, CAL 94701 


SURVEILLANCE-COUNTERSURVEIL- 
LANCE! Guaranteed Lowest Prices! Huge 
Catalog $5.00 (Refundable). PROTECTO 
PO. Box 520294, Salt Lake City, UT 84 152. 


VOICE Disguisers! FM Bugs! Telephone 
Transmitters! Phone Snoops! More! Send 


| i687 Bos envelope: XANDI ELECTRON- 


ICS, Box 25647, тера AZ 85282-5647. 


LIGHTNING LAMP From 5 Gallon 
Water Bottle. Easily Available Parts. 


o: 

BUTLER ENGINEERING 
724 Ashland 

Santa Monica, CA 90405 


PLASMA 


Build SPECTACULAR PLASMA/ 


Complete Detailed Plans. Send $6.95 
= 


TEACH ANY 

DOG IN MINUTES 
Complete system, book and device. 

All you need to raise and train puppies, 
dogs of all ages. Never fails! EASY TO 
Uses dog's keenest sense. 


Corrects. . =n 

* Housesoiling ы ^. Barking Gun Shyness 

* Jumping a ae Biting Pu g: Breaking Point 
* Chewing * Digging è Over Ranging 


A 
* Car Problems, Y Є 5E * Leash 


ON TV with: Barbara Walters, John Carson 
AMERICAN FIELD, TIME MAGAZINE, 


USE "FR 
NOT ELECTRONIC “SS. 
BEWARE OF IMITATIONS! Our Pats. 43498266 #3159140 Protect You. 
REHABILITATE DOGS: from Electric Shock Shy, Gun-Shy, Car Sickness: 


* Busting Birds 
For: Family Dogs | e Hunting Dogs * Stock Dogs * Show Dogs * Sled D 
, Olek Cavette, Art Linkletter, Merv Griffin. ARTICLES: SPORTS AFIELI 


js "Соте: -at all times ga «Drop  * Self Contre 

* Sit * Go * Guard 

= Наа! 1 E ,,,8 Fetch  * Hunting 
к. Stay =. œ Utility © Loyalty 


s * All Dogs 


TV GUIDE, HUNTING DOG, WALL STREET JOURNAL and others worldwid 


A science engineering breakthrough! A set of unique dog-sound makers that condition dogs incredib| 
fast. Small. Used from the palm of the hand. Near hypnotic control, even at a distance. No leash needer 
Novices become experts. This new discovery is a learning-sound catalyst that teaches direct to the dog 
mind. Renders bodily paintraining obsolete. Safar. Kind. Yet, more powerful! Dogs simply don't fight it. Tune 
dogs in, makes them want to please you. Unequaled loyalty-bonding. Same instruments and systei 
(the Dr. Miller patents) dispensed by za oe for dog behavior. Now, thousands of satisfied user 


O= 


FROM $25 ТО $175 x 
DOG-MASTER SYSTEMS 


A division of Environmental Research Labs ©1988 


96 FREE CATALOC 
lease Write: 


419 Wilshire, Box 1250, Agoura Hills, CA 91301 


DO IT YOURSELF 


BATTEHY CLOCK MOVEMENTS. Low 
Prices. Catalog $1.00 (refundable). Yankee 
Ingenuity, Box 1135, Altus, OK 73522, 


* LC7—Burnin ing tg C CO» Laser 

* RUB4—Portable Laser Ray Pistol ... 20.00. 

* TCC1—3 Separate Tesla Coil Plans to 1.5 SMEV 25.00 
* 10Gi—Ion Ray Gun .. M 10. 

* BRAT— Gravity Generator... 

» EMLi— Electro Magnet Coil Gun/Launcher 


| KITS with All Necessary Plans 
| * MFT3K—FM Voice Transmitter 3 mi Range .... 49.50 
+ VMPM7K—Telephone Transmitter 3 mi Range 39.50 
* BTC3K— 250,000 Volt 10-14" Spark Tesla Сой 249.50 
a LHC2K—Simulated Multicolor Laser 44.50 


+ BLSIK— 100,000 Watt Blaster Defense Device 69. 
» ITM1K— 100,000 Volt 20' Affective wt 
Intimidator .. 8 „.. B8. 
| « PSP4K—Time Variant Shock Wave Pistol... 59.50 


* STAIK—MAll New Space Age Active 
Plasma Saber 

- MVPTK— See in Dark Kit .. enn 
* PTGIK— Spectacular Plasma Tomado 
Generator 


ASSEMBLED with All Necessary Instructions 
E лт. —50,000 Volt-World's Smallest 
£5 
. LEAD M HeNe Visible Red Laser Gun .. 
• TATS0—Auto Telephone Recording Device...... 24. 
• GVP10— See in Total Darkness ІА Viewer. 
* LISTI0—Snooper Phone Infinity Transmitter 
* IPG70— Invisible Pain Field Generator 
Multi Моде... . 74.50 
* Catalog Containing descriptions of above plus 
hundreds more available for $1.00 or included free 
with all above orders. 


Please include $3.00 PH on all kits and products plans | 
are postage paid. Send check, MO, VISA, MC in US 


funds. 
INFORMATION UNLIMITED 
Р.0. BOX 716 DEPT. P8, AMHERST, NH 03031 


MINIATURE FM TRANSMITTER. Easy 
to assemble kit. 1 x 144". $19.95 plus $1.50 
s/h. Other transmitters, bugging equip- 
ment, surveillance books. Catalog $2.00 (re- 
fundable). Epsilon Co., Box 291513, Los 
Angeles, CA 90029. 


TELEPHONE LISTENING DEVICE 


Record telephone conversations in your office or 
home Connects between any casse[lg or (ара 
recorder and your lelephone hne. Starts auto- 


sides of conversation Stops recorder when 
phone 15 hung up 


tut Er in. 


Super Powerful FM TRANSMITTER 
Many times more powertu! than other transmitters. 
Transmis up 10 'à mide to ату FM racio -Easy to 
Asssmbe Кї - up fo Чү banery (not me) 
For catalog of Transmdters. Voice Scrambiers and 
ether specalty nems, enclose $2 OO to USI Corp 
Call 407-725-1000 or send $19.95 + $1.00 
shipping per item to: USI Corp., РО Box 
PS-2052, Melbourne, FL 32902 COD OK. 


1х1" 


ALARM SUPPLIES Wholesale Prices. 
Save 60%, 1000 Items. Catalog $2.00. 
ALARM DISCOUNTERS, P.O. Box 215, 


Kingsville, MD 21087. 


ROOM SURVEILLANCE 
TELEPHONE 
| This 15 a normal functioning 
telephone! EXCEPT it has a 
secret built in room monitor | 
Only YOU can call and monitor all room conversations, 
| using a secret code, and never be detected! 

$175.00 — 6 month Warranty — Phone Tap Catalog 53.00 

LISTEN ELECTRONICS, 603 Elgin, Muskogee, OK 74401 


1-800-633-TAPS 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz — 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax incl. 
Call or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 
DECO INDUSTRIES 
BOX 607 

BEDFORD HILLS, NY 10507 

914-232-3878 


200 SUPPRESSED/DOAMANT IN 
VENTIONS! RARE INFORMATION DATA 
BASE CATALOG! $2: REXCO, BOX 1258 
BERKELEY, CAL 94701 


WIRELESS CONTROL FOR SECURITY 
ENERGY, GENERAL HOME. Using you 
computer, co тее plans $9.95. PDSL, Bo: 


6780, Reno, 89513. 

VCR Owners dont use head damagin 
cleaning tapes! Clean heads the way pra 
fessionals do. Tool and detailed manual 
$5.00. Easy. P. A.R. Video, 3404 Hillcres 
Rd., Harrisburg, PA 17109. 


SURROUND SOUND DECODER Ki 
with Noise Reduction/Rear jure i Am 
plifier. $39.95. Send SASE for catalog. Del 
Phone Industries, Box 150, Elmont, N3 
11003. 


LEARN CAMERA REPAIR! Catalog ü 
Camera Repair Books and Tools $1.00 
ROMNEY, Box 446 5, Drayton, SC 29333 


LEARN THE ART OF PLASTERING 

A skill high in demand and high in In 
come. My copyrighted manual illustrate 
all you need to know. Send $6.50 to: Plas 
ter, Box 225, Brownfield, ME 04010. 


DETECTION - Surveillance, Debugging 
Kits, Latest High-Tech Catalog, $2.00, De 
tection Systems, 2515 E. Thomas, Suit 
16-864, Phoenix, Arizona 85016. 


REMOTE CONTROLLED LIGHT dim 
mers, ceiling fans, door chimes, appliances 
Wireless. Ultimate convenience. Free infc 
Gulfstream Company, Box 4746A, Dallas 
TX 75208. 


JANUARY 1988 | 11 


DO IT YOURSELF 


PROTECT YOURSELF! Scrambler 
Phones, Transmitter Detectors, Executive 
Security Products, and Much More! Catalog 
$3.00 (refundable) DIVERSIFIED WHOLE- 

PO. Box 1275PS, Re- 


SALE PRODUCTS, 
dondo Beach, CA 90278. 


MICROSHOCK device is potent and 
CHEAP. Vital information every electron- 
ics specialist should know. Send $7.00 for 
complete plans to: Bowser Research, 901 
Аппа St., Norfolk, VÀ 23502-PS. 


SURPLUS Solar Panels Hurry Limited 
Supply! Only $4.50/ Watt 800-832-1986. 


SOLAR WATER HEATER. You install 
and save. 96-page manual. Kits available. 
Information $1.00. Save On Solar, PSM, 
6905 White Rabbit, Battle Creek, MI 49017. 


ELIMINATE MOSQUITOS without 
chemicals or electricity. More effective than 
Martins. Complete plans $4.00—Brothers, 
Box 384, North Kingsville, OH 44068. 


NEW ... REPAIR YOUR OWN TV, EASY. 
Write: Research, Box PS, Colville, WA 
99114. 


PROJECTION TV... Convert your TV to 
project Т foot picture... Results compara- 
yle to $2,500 projectors. Total cost less than 
$30.00... Plans and 8" Lens $24.95 . . . Illus- 
trated information FREE Macrocoma-ae, 
Washington Crossing, Pennsylvania 18977. 
Creditcard orders 24HRS. (215) 736-3979. 


SAVE HUNDREDS buying a Car or 
Truck— Tells you how to work auto dealer 
to your advantage. Get maximum for trade. 
Best financing send $5.00. C.T. Enterprises, 
25211/2 South Vista Way #131, Carlsbad, 
CA 92008. 


best sunlight collector 
exquisite - practical-drumatic 
easy to build and assemble 

ror plans pover ig all sizes.. 
(Te emo BE peti s $15.- 


; $10- 
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| 
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tetra dimensions 
RRL, hornby island . В.С. 
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DON’T THROW AWAY THAT USED 
_ COPIER OR PRINTER CARTRIDGE! 
Do it yourself REFILL IT nee 
t'seasy  SAVEQVERSQ : "со" 


EE раса Sy CANON COPIERS 
532.95 


| LASER PRINTERS 
" $4995 __ 


MORACK 
INCORPORATED 
ВВАТ W. B7th 5! 


Order or information 


i 60457 (312) 598-0580 


Hickey HIT: 


Build Your Own 
SANDBLASTER 


Earn up to $40.00 per hour removing rust and paint from auto 
parts, farm equipment or any metal surface This portable unit 
removes rust and paint at a rate of one square foot per minute 
continuously and is built from common inexpensive materials 
Simple step by step guide shows how to convert a VB engine 
into a pawertul 4 gyl engine / 4 cyl. compressor combination 
Мо complicated machine work. Money back guarantee if not 
completely satisfied 


Send $15 00 pius $1.00 handling to 


DESIGN PUBLICATIONS а 
P.O. Box 102-5 =N 


Columbia. Ill. 62236 


TOOLS & MACHINERY 


4" METAL Cutting Lathe $109.80. Taig, 
15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Supplies. 
Free Literature. Pyramid Products, Dept. 
M , 3736 South 7th Avenue, Phoenix, AZ 

041. 


“SHARPENERS REPORT" Monthly 
Newsletter. Tips—Sources—Used Equip- 
ment. FREE Brochure. SKOG Company, 
Dept. PS1, PO 22559, Minneapolis, MN 
55422. 


BOLTS, SCREWS, TOOLS. WHOLE- 
SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


BANDSAW Blade Butt Welder. Уз to 34 
capacity. Uses Automotive battery for 
power. Free information. Welder and in- 
struction $59.95 plus $4.00 S&H. RPM 
Mfg., P.O. Box 1782, Appleton, WI 54913. 


118 | POPULAR SCIENCE 


LATHES — MILLING MACHINES 
MACHINE SHOP SUPPLIES — TOOLS 


Catalog 
$1.00 
Box 536-PS Hurricane, WV 25526 304-562-3538 
Unimat = Compact * Maximat * Myford = Sherlime + Atlas = Jet 
REPRESENTATIVES OF MANY MANUFACTURERS 


Toll Free Number For Orders 


LATHE ART 


NEW TECHNIQUES 
ON THE WOOD LATHE 
This new workbook offers 
9 new lathe projects from 
hardwood and plywood, in- 
cluding lamps, bowls and other decorative 
items Make check or Money Order for 
$9.95 + $1.50 S&H for each book to 
James М. Bethune 9 Bethune Woodworking 
265 Beckwith Rd. 5, #98, Santa Paula CA 


: PRECISION _ 
INSTRUMENTS 7 


REAL ESTATE 


CALIFORNIA. Acreage. Lots. $40 down. 
$40 monthly. 4602 Ethel Ave, Sherman 
Oaks, CA 91423. 


FORMER FHA PROPERTY OWNERS 
could qualify for GOVERNMENT 
REFUND. Kit $5.00. Refund Consultant, 
Box 169, Middlebury, IN 46540. 


GOVERNMENT HOMES from $1 (U 
repair). Delinquent tax property. Reposses- 
sions. Call 805-687-6000 Ext. GH-20025 
for current repo list. 


REPOSSESSED homes from Gov't from 
$1.00 plus repairs/taxes. Nationwide! Also 
tax properties. 216-453-3000, Ext. 8232. 


MONTANA LAND 


20 Acres (or more) starting at $9750. Near Beau- 
tiful Yellowstone Park or Mational Forests. Hunt 
trophy elk, deer, moose, antelope or turkey. Fish 
blue ribbon trout streams. Insured title and war- 
ranty deed. Excellent owner financing. Free color 
brochure. 


Call y M FREE: 1-800-252-LAND 
Yellowstone Basin Properties 
1119 N. 7th Ave., 
Dept. PS. P.O. Box 3027 
Bozeman, MT 59772-3027 


(406) 587-5469 


MONTANA 


Trees, Creeks and Wildlife, 20 QUALITY acres 
(and up), close to Yellowstone Park, starting at 
$7,450. Easy Owner Financing. Guaranteed Ac- 
| cess. Warranty Deed, Insured Title. Free Brochure. 


Rocky Mountain Timberlands 
8701 Huffine Lane, & Dept. PS, P.O. Box 1153 
Bozeman, MT 59771-1153 ® (406) 586-8088 


Call Toll Free: 1-800-777-9958 


FHA GOVERNMENT REFUNDS! HOME- 
OWNERS, INVESTORS: GET YOURS! 
HOW-TO SECRETS REVEALED! $4.00. 
Dailey, 3122 N. Federal Hwy., Suite 263A, 
Lighthouse Point, FL 33064, 


FREE HOMESTEADING INFORMA- 
TION! CHEAP GOVERNMENT LAND! 
($1.00 Postage/Handling.) RidgeHaven, Box 
862-S, Glen Ellen, CA 95442. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunting, fishing, recreation, retire- 
ment. Hundreds of parcels. Easy terms. 
FREE brochure. NATIONAL ASSOCIATED 
PROPERTIES, 1111-PC Sherman, Coeur 
d 'Alene, ID 83814. (208) 664-8161. 


BUSINESS OPPORTUNITIES 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-5, Hickory, NC 28603. 


$1.00 POUND From “Junked” Tires! 
(Send Stamp). LaVallees, Fountain, FL 
32438. 


IMPORT-Export opportunity, profitable 


world-wide, mail order business from home, 
without capital. We ship plan for no risk 
examination. Experience unnecessary. Free 
Report. Mellinger, Dept. C2694, Woodland 
Hills, California 91367. 


BUMPER Sticker Printer. Cheap, Sim- 
ple, Portable. Free details Bumper, POB 
2279 LLC), Tampa, FL 33622. 


LEARN MIRROR RESILVERING, Free 
Information. Silvercraft, Box 127, Lans- 
downe, PA 19050. 


REPAIR HYDRAULIC JACKS — Free de- 
tails. Hydraulic Parts Supply, Dept. 5, Box 
4157, Brownsville, TX 78520. 


RECYCLE METALS. NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsby's, Box 1214, Franklin, TN 
37065-1214. 

MAKE HOMEMADE BOOKLETS. I'VE 
EARNED $187,000 WITH MINE. MONEY 
NEVER STOPS! Free information: Dasher, 
P.O. Box 1039, Gatlinburg, TN 37738. 


ADVERTISE free in 507 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 
30301. 


$18,000,000,000 
Found Money 


| Eighteen billion dollars 


still unclaimed from 
Government. Claim your 
substantial share. For 
free information phone 
1-216-453-2341 ext. 
L 9094 ©1988 DSA DL238-4 


DISCOVER HOW TO Start your own 
Successful Business at home. Seven profit- 
able businesses revealed. Free details. 
Guaranteed. Webster Co-Operative Pub- 
lishing, 777 Hawthorne Place, Webster, NY 
14580. 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial 


Box 4309-Y, West Covina, CA 91791. 


$15,000 MONTHLY INCOME! Easy 
Moneymaking Plan. No Investment. Mc- 
Dowell, Box 5529-Y, Diamond Bar, CA 
91765. 


GET PAID for reading books! Write: 
Pase-BM5, 161 Lincolnway, North Aurora, 
IL 60542. 


FIMANCIAL INDEPENDENCE, Start 
your own PROFITABLE BUSINESS at 
home. Free details. Unique Concepts, 10290 
Monte Vista, Montclair, CA 91763. 


MAKE High Profit, Hot Selling License 
Plates, Signs. VACUMAGIC, PO Box 24986 
(LLC), Tampa, FL 33623. 


$1,000's WEEKLY processing mail. 
Start immediately! Postage/Supplies fur- 
nished! Details - Sase. Opportunities, Box 
209PS, Brooklyn, NY 11219. 


$85. MAKES $55,000-. SELL RE- 
PORTS MULTI LEVEL BY MAIL. FREE IN- 
FORMATION. SASE. "MONEY". Box 306, 
Holcomb, Kansas 67851. 


BIG MONEY can make y you happy! Ex- 
citing details FREE! JBC, Box 064, West- 
minster, MD 21157. 


ALUMINUM SCRAP—Recycle Yourself 
—MAKE UP TO $25.00/POUND! FREE 
Information: Industrial - PS91, Box 127, 
Alexandria Bay, New York, 13607. 


MAKE BALLOON ANIMALS. 5400 
Weekends! FREE SAMPLES/INSTRUC- 
TIONS: Funnyman's—PS91, Box 250, Al- 
exandria Bay, NY 13607. 


$392.00 FROM Square Foot Plywood 

(Huge Demand), Revealing Proof $1.00 ( Re- 

рим ане, Woodwins, Bridgewater, MA 
2324. 


OPENS ANY LOCK WITHOUT A KEY!!! 


Amazing KEY GUMT m 
Sells On Sight To 
Car Dealers, Police 

Departments, Towing 

Companies, Fic 


YOUR COST 
Sample........$79.00 each Si RETAIL $99.00 
10 or More..$49.00 each. р. гу ыиы А-Ы 
PANASONY 9008 South Federal Highe 
CORPORATION УЫ 


TAKE Catalog Orders. We drop-ship 29 
best-sellin cialty products. Lows 
below who а prices. Immediate del 
ery. Spectacular home business opportuni 
Free Book. SMC, 9401 De Soto Ave., De] 
28-01, Chatsworth, CA 91311—499]. 


PLANO TUNING PAYS: Learn with 4 
proved home study course. Diplor 
каше American Tuning School, 170 

elfer Dr., Morgan Hill, CA 95037. 


SCWL Subliminal Tapes Wholesa 
Write: Life Enhancement, 811 Moulin, M: 
ison Hgts., MI 48071. 


CONCRETE Block Machinery; Catal 
$1.00. Route One, Box 3740, Rapid Ci 
South Dakota 57702-3740. | 


SPARE time fortune in Vinyl Кера 
Huge demand creates exceptional profil 
We supply everything. Details free. V| 
2036 Montrose, Chicago 60618. 


EARNINGS Unlimited! Mail Our B 

lar Alarm Advertisements From Ho 

BM Merchandising, Box 59314, Chica 
IL 60659. 


MAKE YOUR DREAM COME TR 


$S1OOO's WEEKLY. Free informatid 
Stamped envelope: Progress, Box 9324 
Los Angeles, CA 90093. 


` $10,000 MONTHLY Taking Pho 
graphs at Home! Call recorded messa; 
(303) 674-8155. 


$40,000 ON V3 ACRE! New hydi 
pome reparen pleasant, practic 
ree information. Planters, Box 12 
Franklin, TN 37065-1214. | 
mum сосн ا‎ 


DONT BE FOOLED BY IMITATIONS 
Build the best giant screen projection TV for home or hig 
profi with lenses and screens utilized by SONY ZENITH 


SYLVANIA. and MAG МАМ OX! Simple constructor ү! HE lustrate 
information and complete paris cataiog $2.00 Mona 
E bath quarantee! 


POLI-VISION GIANT TV 
187 CYPRESS ST., THROOP PA 18512 


MAKE BIG MONEY REPAIRING WIN 
SHIELDS, & Plate Glass! Up to $60,0 
yearly! Call TOLL-FREE for Valuable ЕН! 
report. -BOO-32*-2597. Glas-Weld $ 
tems, Box 5755-C1, Bend, OR 97708. 
USA or Canada call toll-free 1-80 
321-2597 for valuable free reports. 


$376.00 FROM ONE SACK CEMEN 
Huge demand. Picture Proof $1.00 (Refur 


| able), BRINCO, Box 1092, Hesperia, € 


92345. 


14,947 HONG KONG, Taiwan PRO 
UCTS CHEAP Small lots. Some samp! 
free. Harbor, Box 1719-PS-1, Yuba Ci 
CA 95992. 


START A USED CAR BUSINESS AP 
MAKE BIG MONEY Detailed Instructioi 
$10. Hadco, Box 1365, Hilliard, FL 3204 


$3,000 MONTHLY with zero inve: 
ment! Unlimited potential with risk-fr 
business. Free details: TXI, 5764 "D" & 
San Bernardino, CA 92407. 


$24,000 IN YOUR BACKYAR 
Spare-time growing profitable special 
plants. Easy—start with $50. Free inf 
mation. Homestead Growers, Box 988-I 
Friday Harbor, WA 98250. 


$15,000 MONTHLY INCOME! Ea 
Moneymaking Plan. No Investment. N 
Dowell, Box 5529-Y, Diamond Bar, ( 
91765. 


$750 NEXT WEEKEND! Free Detai 
Clem, Box 507, Kannapolis, NC 280€ 
0507. 


ЛАКЕ $250,000. Free Details. Send 
mped envelope: Richard Crawford, P.O. 
с 652, Bellarthur, NC 27811. 


4000 PER WEEK LISTENING TO 
OPLE'S SECRETS!! LEGAL! Details 
00/Refundable Write: TRIACOM, Room 
17, Box 5, Brunswick, OH 44212. 


"ROFITABLE Gold Foil Printer. Person- 
ге business cards, pencils, matches. Free 
tails. Gold, POB 24986 (LLC), Tampa, 
33623. 


IUNDREDS weekly easily. Assemble 
OVEN products. Spare Time. No Expe 
nce. Free information. IEC, Box 2297. 
verdale, WA 98383. 


MILLIONAIRE Mailorder Expert Reveals 
ney-Making Secrets. Free, Exciting, 
ur Cassette: Melvyn Powers, No. Holly- 
od, CA 91609. 


IEED MONEY? Free Grants, Signature 
ins, Business Loans. Write Action: #7- Y, 
x 5499, Diamond Bar, CA 91765. 


ДАКЕ Rubber Stamps. Highly Profitable 
siness. Free Details. Stamper, POB 
309 (LLC), Tampa, FL 33622. 


MAKE $9,000 each transaction! Buy sell 
vernment seized cars, houses, computers, 
relry. Surplus: Box 3578-YB, Anaheim, 
. 92803. 


SUCCESS! WEALTH! POWER! You can 
ve it all! Free Information: PARAGON, 
з Wellington, South Lyon, MI 48178. 


ASSEMBLE PVC Furniture. Free re- 
t reveals how to double your income in 
days! Easy. Write: PVC, 771Р5, Battle 
ound, Washington 98604-0771 


$97,500 YEARLY "hidden" in your com- 
Ler? Yes! (Free) report: Simpson, 771 PS, 
ttle Ground, Washington 98604-0771. 


E200 DAILY reclaiming “Discarded Car 
tteries" Easy! (Free) details: Battery- 
in, 771 PS, Battle Ground, Washington 
204-0771. 


SUCCESS! MONEY! POWER! You can 
ve it all. Free literature. St. Thomas, 84-5 
ring, New Britain, CT 06051. 


MECHANICALLY inclined individuals 
yiring High Weekly Profits operating 
iall Manufacturing business Without In- 
tment write: Businesses, 92-P Brighton 
h, Brooklyn, NY 11235. 


PROVEN, SUCCESSFUL, home oper- 
1d business! Start on a shoe string! 
iaranteed! Free details! Paramount 
blishers. Route #4, Box 462-A, Boone, 
} 28607. 


Нот NEW FIELD! Recharge toner саг- 
пре for laser printers. High growth 
et. Hu rofit potential. Free details; 
‘ite to РО. Box 1358, Green River, WY 
935. 


ВЕ your own boss! 1001 fast, easy ways 
make money! Free! Rush name, address. 
mey Making, Dept. PS, Box Z, Studio 
ty, CA 91604. 


FREE REPORT! 100% Complete Home 
isiness! Guaranteed For Life! Income P.O. 
x 2233, Ventnor, NJ 08406. 


SECRETS of seven best home businesses. 
ee details. Thomsen, 7661 Skyline, Box 
-B1, The Dalles, OR 97058. 


REALISTICALLY $675.00 Weekly From 
me. Send Stamped Envelope. Scanlan, 
). Box 1141, Oak Park, IL 60304. 


REPAIR YOUR CREDIT! Plus fill your 
ink Account with cash! Free details! Write 
A.E., РО. Box 471484, Tulsa, OK 74147. 


PROFITABLE HOME BUSINESS with- 
de experience or capital. Free information. 

pt. D111, 755 East Date St., Brea, 
Worn 92621. 


SELL INFORMATION By Mail! Details: 


IM Publications, 4931 Churchill-PS1, 
nino, WA 98589. 


FREE Report! Earn $500 A Day! New 
yme Business Opportunity. R.F., Box 
1-C, Dayton, OH 45409. 


SCREEN Print T-Shirts. Inexpensive 
ts. Free Details. "T-Printer" РОВ 23991 
LC), Tampa, FL 33623. 


Let The Government Finance your 
w or existing small business. Grants 
ans to $500,000 yearly. Free recorded 
assage: 707-448-0270. (JG6) 


| portunity, 


SAVE THOUSANDS on your new or ex- 
isting mortgage. l'll show you how. Send 
mortgage amount, interest rate, # years, 
and $9.95 for personal analysis. Provide 
service to others- make $$$. Send $19.95 
for software on 5Y4" diskette, for IBM PC 
/compatible to: CJ dtes 575 NW 50th 
Place, Boca Raton, FL 33431. 


NEW EUROPEAM CONCEPT IN CAR 
COMFORT. Unique seatbelt attachment. 
Proven seller, huge market, high profits. 
Free Government Test Report. Sample $15. 
NEWLINE, 27 Hannaford St., Toronto, Can- 
ada МАЕ 3G6. 


DAYDREAM YOUR WAY TO RICHES! 
Exciting new concept shows how. Free de- 
tails. The Imagination Store, Dept. PS-1, 
2424 Beekman St., Cincinnati, OH 45214. 


TAKE PICTURES for profit. Camera Ven- 
tures, Box 771, Lamara, CO 81052. 


GUARANTEED PROFITABLE Home- 
based Business Step By Step How to. FREE 
details—write today. International Publish- 


ing, 1110 Woodlake | Dr., Cardiff, CA 32007. 


1 DO THE WORK, YOU MAKE THE 
MONEY. Send SASE for packet. Dalton In- 
dustries L, P.O. Box 268, Gaithersburg, MD 
20877. 


YOUR Secret Mailin 
Keep Or Re-Ship. Alberto, 
MEXICO. 

AMAZING NEW Home Based Op or- 
tunity ABOUT TO EXPLODE In USA! 
FREE Details. Leong, Box 6412, fea 
Maria, CA 93456. 


SUCCESS! MONEY! POWER! You can 


Address Will 
x 7, Guaymas, 


| have it all. Free Literature. Lindale, Box 


475-PS, Lagrange, OH 44050. 


RICHES IN THE 1990's . . . the easy way. 
FREE details. McCarthy Industries, Dept. 
PS, 4207 Labyrinth, Baltimore, MD 21215. 


BARGAINS! Buy Wholesale and Below! 


Name Brands. Appliances... Furniture... 
Sports Equipment... . Televisions . .. Cam- 
eras... Watches... Jewelry. Thousands 


More. Free Details. Bargainhunters Oppor- 
tunities, Box 1409-B, Holland, Michigan 


49422. 
PROJECTION TV... Make $$$'s assem- 
bling Projectors. . Easy.. . Results compa- 


rable to $2,500 projectors . . . Total cost less 
than $30.00... PLANS, 8' LENS & Deal- 

ers Information $20.50...Illustrated in- 
formation FREE . Macrocoma-aex, 
Washington Crossing, Pennsylvania 18977. 
Creditcard orders 24 HRS. (215) 736-2880. 


ACHIEVE FINANCIAL INDEPEN- 
DENCE. Start your own Home Business. 
Free Details. Sunburst, 4839 E. Greenway, 
Suite 339-0102, Scottsdale, AZ 85254. 


NEW Discovery in Battery recondition- 
ing. Eighteen months guarantee! Means 
Big Profits Fast! Electoan, 7415 Gable Dr., 
Little Rock, AR 72205. 


MAILORDER OPPORTUNITY: Start 
profitable home business without experi- 
ence or capital. Write for free book, plus 
details. Mail Order Associates, Inc., Dept. 
707, Montvale, NJ 07645. 


STAHT a SUPER PROFITABLE BUSI- 
NESS from scratch. FREE Subscription to 
Opportunity Magazine tells how. Write Op- 
1 ept. 081, 6 N. Michigan, Chi- 
cago, IL 60602. 


$40 - $10B/hour. Restore Damaged 
Countertops WITHOUT REPLACEMENT. 
Millions of apartments, homes pay profits 
immedaitely! Free Information. RENEW, 
PO. Box 9900-55, Vancouver, WA 98664. 


FOREIGN PERIODICALS 


WORLDWIDE ENGLISH NEWSPA- 


PERS/MAGAZINES! Sampler: 3/$2.49. 
FREE BROCHURE. MULTINEWSPA- 
PERS, Box DE-31, Dana Point, California 
92629. 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
20152- G, Ferndale, Michigan 48220. 


400,000 BARGAINS Below Whole- 
sale! Many “Free!  Liquidations.. 
Closeouts! . . Y Job Lots... Single Samples. 
Free details. Worldwide Bargainhunters. 
Box .1409-B, Holland, MI 49422. 


500,000 ООО AMAZING MONEYMAKERS 
Photographed! Catalogs, Box 18628-G, San 
Antonio, Texas 78218-0628. 


CONFISCATED CARS, Start your own 
business-buy for resale-trucks, boats, 4- 
wheelers, TV's, stereos, furniture by Drug 
Enforcement Agency, FBI, IRS. Unbeliev- 
able bargains on late models. Available your 
area now. Call (805) 682- 7555 Ext. C-1042. 


WHOLESALE PARTS 
184 page catalog 

Replacement parts for 

outdoor Power Equipmant 


COMMERCIAL. HOMEOWNER, 
RECREATIONAL. 
LS. THORPE CO., INC. 
P.O. BOX 45245 DEPT M 
SOMERVILLE MA 02145 


` Send $4.00 
for Catalog 


GOOD EATING 


SOUTHERN Old-Fashioned Teacakes, 
$2: SASE; RM, 200 Walnut, West Monroe, 
LA 71291. 


INSTANT PIZZA RECIPE, Send $2.00 
Sase.'Sue Fong, 1164 First Ave., NYC 
10021. 


BETTER HEALTH 


FREE REPORT. | survived heart attack Quit 
doctors. Used 90+ day painless technique. Cancel- 


led surgery—Tossed out pills— Ended discomfort. 


Feel & look 


name and 
ustin, Texas 


Free proof--SEND NO MONEY--oni 
address! Survival- 20 Box 3256, 
78764. 


FINGERNAIL FUNGUS? Inexpensive, 
natural treatment. Money-back guarantee. 
$10. HMC, Box 458-P Milltown, NJ 08850. 


VITALITY, improved health. Sixty year 
track record. $37.00. Porterbilt, 13371 
South 2700 West, Riverton, UT 84065. 


WATER PURIFICATION 


DRINK PUREST WATER! Home Distill- 
ers. Discount Prices! 800-874-9028. 
WATERWISE, Box 45951, Center Hill, FL 
33514-0459. 


BODY BUILDING 


can help you i 


B «add inches to your 

Y chest and arms 
| * increase strength 
ж build muscle mass 
in just days! 


ï Send for FREE info! 
DASH*P O Вох 2888 Dept P5118 
Tusc „AL 35403 1-800-367-9599 


MUSCLES 


How to Build A More 
POWERFUL BODY!! 
< How YOU can have: 


*Wider Shoulders *Bigger Arms 
*Powerful Chest *Lose Fat 
"Trimmer Waist *Gain Weight 
"(ain Strength 


| FREE BOOKLET! | 


Universal, LENT -T, Box 6694 
Detroit, Michigan 48240 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800/323-1212 Toll Free. 


Q HEARING AIDS 


/3 PRICE CATALOG FREE! 


Î supen SAVINGS! Newest Finest, Al 
7a Lu Save u 

ЕЗ Gold by AIR MAIL on HOME 
§ TRIAL. FREE Catalog. Write: 


ii ЗЫ я байый 
S10 
i Sapt Tar Cal. 91343 


9530 Langdon Ave., 


HAIR CARE 


` HAIRPIECES—Free Catalog! Total 
Image, 10 PS-1 West, South Norwalk, CT 
06854. 


ounger. Regained health. Laugh at || 
doctors & pills. | am a new man. Helping others. | 
| Anderson Rd. #147, 


MINOXIDIL. Grows Hair 4 Months. Box 
1213, Makati 1299, Philippines. 


VIDEO 


Multi- Channel Microwave 
ao T. V. Receivers 


| 15.27 ч: Parabolic Dish 40+ dB Gain | 
; LIFETIME WARRANTY | 


Compl E System 599 95 (Shipping Incl.) 


'eniacement Components 
& Expert Repairs Available 


à 1 K & S ELECTRONICS Call 5 
F0. BOX 24527 бү shipping 
| МЄ PHOENIX. AZ 85067 (G02) 230-0640 
VISA/MC/COD £2 CREDIT OM PHONE ORDERS 


RENTAL MOVIE STABILIZER. Connect 
between VCRs or to monitor. $59.95 1-800- 


| 338-8751. 


FREE CATALOG— CABLE TV PROD- 
UCTS-VIDEO MART-— 3938 E. Grant, 
#241-A Tucson, AZ 85712 (602) 721-6557. 


RENTAL MOVIE 
STABILIZER 
e Ends flashing, ани st 
blackout jitter etc. when p playing пе сору gage 
automatic + Made in USA = 30 day M back 
guarantee e $39.95 + *3.95 s/h ә 


orders only 1-800-422-9010 inis 
AM Video, Dept. PS9, 400 Amherst, Nashua NH 03063 


{ rental videos e Restores сі 


VIDEO TAPE REPAIR KIT: Beta and 
VHS. Only $11.95. Briggs ton TX 77 4701 
ouston, TX 11053. 


HYPNOTISM 


FREE Hypnotism. Sleep Learning Publi- 
cation DLP, Box 487, Anaheim. CA 92815. 


FREE Hypnotism, Self-Hy ypn osis, Sleep 
Learning Catalog! Drawer P5400, Rui- 
doso, NM 88345. 


SELF-HYPNOSIS TAPES, VIDEO 
$29.95, AUDIO $14.95, MASTER- 
CHARGE/VISA, TOLL FREE, 1-BOO- 
544-0499. 


CABLE EQUIPMENT 


CABLE TV CONVERTERS 
Why Pay a High Monthly Fee? 


| Jerrold, Oak, Hamlin, Scientific Atlanta, Zenith, and more! 
| 60 day warranty. Shipment within 24 hrs. For fast serv- 
| ice MC/VISA C.O.D. Telephone orders accepted. Eve- 
ning hrs. also. (312) 698-1259. Stamped Envelope (БП) 

postage for FREE catalog. No. 111. orders 

L & L ELECTRONICS 

1430 Miner St., Suite 522 
Des Plaines, Ill. 60016 


CABLE TV Converters, Remotes, Filters 
for Beeping Any Channel 1-313-979-8356. 


Scientific At- 


| CABLE TV CONVERTERS 
lanta, Jerrold, Oak, Zenith, Hamlin. Many 


others. “NEW” VIDEO HOPPER “The 
Copy Killer". Visa, M/C & AMEX 
+800-826-7623. B&B Inc., 10517 Upton 
Circle, Bloomington, MN 55431. 


CABLE TV PRODUCTS—FAEE CAT- 
ALOG—Zenith, Oak, Jerrold, Tocom, 
Panasonic, Scientific Atlanta. ARIZONA 
VIDEO, 3661 М. Campbell, #310-R, Tucson, 
Arizona, 85719. (602) 323-3330. 


CABLE TV BOXES We sell only the best 
re ah ices, we ship COD. $2.00 for catalog 

roducts, P.O. Box 582, Dept. 5, Saco, 
ME 04072, (207) 967-0726. 


CABLE-TV BOXES 


iDescrambler • Converters 


FREE CATALOG 


TRANS-WORLD CABLE CO. 
12062 Southwest 117th Ct., Suite 126 | 
Miami, Florida 33186 | 
800-442-9333 


CABLE TV SECRETS - the outlaw M 
lication the cable companies tried to 
HBO, Movie Channel, Showtime, Coa vert- 
ers, etc. Suppliers list included. $8.95. Cable 
Facts, Box 711-PS, Pataskala, OH 43062. 


CABLE TV CONVERTERS —FREE CAT- 
ALOG- —Zenith, Tocom, Pioneer, Scientific 
Atlanta, Jerrold, Oak, Panasonic. Best 
Buys/Service, Monthly S cials. ARIZONA 
VIDEO, 3661 N. Campbell, #310-R, Tucson, 
Arizona, 85719. 602- 323-3330. 
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CB RADIO 


SECRET CB manuals, modifications, ac- 
cessories. Catalog $2—Selman Enterprises, 
РОВ 8189, Corpus Christi, TX 78468-8189, 
(512) 653-2935. 


POLICE Fire Scanners. CB's Ham. Ma- 
rine 2-Way. Antennas. HPR, Box 19224P5, 
Denver, CO 80219. 


SATELLITE TV 


DECODER: Build your own independent 
Videocipher II decoder and receive Sat- 
ellite TV pictures. Simple instructions. 
Radio Shack parts list and circuit board, 
only $49.00 (U.S.) Send cheque or MO pay- 
able to: C.A. Comeau, Box 1327, Halifax 
North, N.S. Canada, B3K 5H4. 


FREE Catalog 36 Pages. Major Brands. 
Nobody undersells WEST-Since 1977. 
(800) 222-9064. 


Save 30%-60% 
g@ Systems 
Plus upgrades for present owners: 
Receivers, IRD's, movers, LNAs, 
LNB's. Feeds. 6 to 16 dishes & 
Ku equipment 
Names Like — 
„ Chaparral, Uniden, Drake, 
"7 Houston, Channel Master, etc. 
800-334-6455 
SKYVISION INC.* 
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^ INSTALL OR UPDATE YOURSELF! 


EZY GUIDE TO SAT TV. Finally a guide 
written to help the consumer fix and in- 
stall his own Sat tv system and a catalogue 
for wholesale equipment. Send $12.00 & 
$3.00 ship & Hdlg. Sunset, FOB 1960, Hay- 
den dua ID 83835. 


HOBBIES/COLLECTION 


MILITARY Medals Catalogue $1.00. Sub- 
scription $8.00. Vernon, Box 1387PS, N. 
Baldwin, NY 11510. 


BEAUTIFUL collector's clocks. Handmade 
in U.S.A. Free brochure. Clocks, РОВ 608, 
Commerce, GA 30529. 


AQUARIUM products саша Мате 
brands, discount prices! $2.00 refundable. 


TFC, Box 65-PS, Felton, CA 95018. 
ARTS & CRAFTS 


"GETTING Started In Stained Glass" 
$1.00. Whittemore, Box 2065X, Hanover, 
MA 02370. 


COIN & CURRENCY 


RARE Coins on A 
tion! Federal Coin, 
NY 11743. 


TREASURE FINDERS/ 
METAL DETECTORS 


FIND Old Coins, Jewelry, Gold Nug sim 
New Patented Revolutionary Device. 
Catalog. Gardiner Electronics, 3131L М. 
Joth Ave., Suite К, Phoenix, AZ 85017. 


TREASURE Finder Locates Buried Gold, 
Silver, Coins, Treasures. Free Catalog, 
up RC10, Box 920839, Houston, T 


MAGIC TRICK, PUZZLES 


BECOME A MAGICIAN! 


Easy. Fast. Learn 48 illusions with THE MAGIC 
COURSE. Complete instructions, plus valu- 
able membership in magician’s society and 
quarterly "It's Magic" newsletter. $29.95 + 
$3.50 s/h. NYS res. add sales tax. Satis- 
faction guaranteed. Send payment to: 
THE MAGIC COURSE, 500-B Bi-County Blvd., 
Farmingdale, NY 11735. 


STAMP COLLECTING 


roval. Free Informa- 
B. 1121, Huntington, 


Stamp Approvals. Regardless 
. C. Kloster, 4164 52nd St. San 
92105. 


FREE! Surprise Collection With Approv- 
als. Jay, Box 750128, Petaluma, CA 94975. 
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zo DIFFERENT Old US. Between 1861 
and 1939 $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


FREE US coil pair with ap rovals. Carl- 
son, КТ? Box 112P, Annandale, MN 55302 


FREE PRICE LIST. FMCN, INC., 513 
FAIRVIEW, RIDGEFIELD, NJ 07657. 


FREE! Big Catalog - New edition listing 
thousands of bargains on Worldwide 
stamps, packets, albums, and жешип, 
FREE when requesting stamps on approva 
Buy what you like. Return balance. on 
town Stamp Company, Dept E19PS, James- 
town, NY 14701. 


50 YEARS OLD FIFTEEN DIFFERENT 
United States, over fifty vears old-25¢ with 
Specie. Jaxon, Box C11-H, New Rochelle, 

ew York 10804. 


FREE Worldwide Packet. Penny Approv- 


als. Froehlich, Box 177DB, Pine River, WI 
54965. 


LIQUIDATING Tremendous Old Accumu- 
lation. Bargain List Free. Alatalo, May- 
пага, MA 01754. 


1,023 WORLDWIDE POSTAGE 
STAMPS—ONLY $3.00! 

All Different! All Genuine! Value-pack- 

ed collection to introduce you to our 

special offers, collector's catalog. and 


approval service. Other exciting 
stamps included. Buy any or none, 
return balance. 
WILTON STAMP CO., Dept. PS BA 
Р.О.В. 850, WILTON, NH 03086 


DISCOUNT! Kequest Countries, Free 
List, Iva’s, Box 197, Hanford, CA 93232. 


FREE, U.S. Mint Set. Approvals. Hilde- 
brand, Box 4867, Santa Clara, CA 95054. 


FREE —$2 00 Collection. vp n approv- 
als, Garnes, 716-5 Sixteenth, Mattoon, IL 
61938. 


SPECTACULAR! 300 BREATHTAKING 
STAMPS from 25 COUNTRIES. Only $1.00 
with latest bargains and sensational ap- 

rovals. Stamps +, Dept. SA9, Box 982F, 
oronto, Canada M4Y 2N9. 


U.S. 6 commemorative plate blocks, or 
30 commemoratives, or 200 different used 
commemoratives $1.00! Approvals. Gordon 
Davison Box 585, Nokomis FL 34274. 


1000 STAMPS $2.95 - Guaranteed Worth 
Over $30 at Standard Catalog Prices! Mon- 
ey Back If Not Delighted. Approvals. Ken- 
more OT-447, Milford, NH 03055. 


U.S. AIRMAILS, 45 Different, used $2.00, 
Mint $15.00. Eberling, Box 2216, Neptune 
City, NJ 07754. 


UNITED NATION 3 Complete Mint Sets 
plus $2.00 Gift Certificate for only .25¢ with 
personalized quality U.N., U.S.A. Foreign 

P Cornetta, POB 1509-P, Lake 

Placid, FL 33852. 


FREE!! Gold Silver Stamps Approvals. 
Delor, 21127 Fleetwood, Harper Woods, MI 
48226. 


LOANS BY MAIL 


IMMEDLATE Loans to deserving individ- 
uals refused elsewhere. Many plans in- 
cluded. Try ив! Associates, Box 98-P3, 
Brooklyn, NY 11235. 


BORROW 340,000 “overnight.” Any pur- 
pose! Free Report. Success Research, 
19739-FM, Indianapolis, IN 46219. 


$300,000 line credit without investiga- 
tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 
МАСС PS-1, Box 5399, Torrance, CA 90503. 


NEED EXTRA CASH? WE'LL CASH 
YOUR POST-DATED CHECK UP TO 
$100.00 +600-445-0680 


FREE MONEY! $300,000,000 GIVE- 
AWAY. Grants. Never repay. Details $1.00. 
Jakla, Box 3066-Р519, Seminole, FL 34642. 


BORROW any amount! Get Visa/Master- 
Card! Instant reply! Sunrise, Box 42P, 
Bethpage, NY 11714-0042 /(516) 349-1649. 


BORROW  $500-$40,0001 “(Over- 
night" On Signature. Keep indefinitely! Ac- 
tion Box 5499- Y, Diamond Bar, CA 91765. 


ARAB BUSINESSMEN have money to 
buy/invest. Top finder's fees paid. IMEA, 
189/PSI, Box 3574, Newport Beach, CA 
92663 (714) 729-9960. 


VISA! MASTERCARD! Regardless of 
Credit Experience! a Toll-Free, 24 
Hours: 1-800-888-8851, Extension 26. 


BORROW $500 - $40,000! “On Signa- 
ture!” Any Purpose! 97% Eligible! Free Ap- 
plication: National, Box 7627, Long Beach 
CA 90807. 


$500-875,000 LOANS AVAILABLE! 
Any purpose. No Collateral. Free applica- 
tion. MFS Industry, Box 531, Bronx, NY 
10461. 


MASTERCARD Obtained Easily! Quick 
Personal/Business Loans! American, Box 
35726-A, Richmond, VA 23235. 


$5,000 CREDIT! No credit check! Not 
Information. Actual credit! (813) 791-8550. 


BORROW $500-$50,000! "Imme- 
diately.” On Signature. KEEP INDEF- 
INITELYI Finance-5, Box 343, Tomball, TX 
77375-0343. 


FAST CASH BAD CREDIT OK, BANK- 
RUPTCY OK, REAL MONEY NOT INFOR- 
MATION. FISHER CORPORATION, 700 
EAST REDLANDS BLVD., SUITE U222, 
REDLANDS, CA 92373. 

MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
Catalog for instrument makers, repairers. 
Imported tonewood, tools, varnishes, parts, 
accessorles, strings, cases. European 
instruments. Bows. Assemble vourself vio- 
lin and guitar kits. Catalog $1.00 includes 
10% discount certificate. Dept. MN, 4026 W. 
Belvedere Ave., Baltimore, MD 21215. 


SONGWRITERS 


POEMS-SONGS WANTED. Free Pub- 
lishing/Promotions. Broadway Music, Box 
7438-PS, Sarasota, FL 33578. 


COMPUTERS 


M rant Software Library For 
pple IBMPC Write: Reliant, P.O. Box 
А 3610, Sheungwan, Hongkong. 


IBM Software $1.99 Per Disk Sample 
Disk + Catologue For $1. Star Data, 333 
Cobalt Way, Suite 107, Sunnyvale, CA 
94086. 


COMMODORE / AMIGA CHIPS, DIAG- 
NOSTICS, PARTS, REPAIRS. Low prices. 
Kasaramicro, 1-800-642-7634. 


FANTASTIC BARGAINS in Software for 
IBM & COMPATIBLES, APPLE, COMMO- 
DORE. Send $2.00 for sample disk (specify 
computer? and catalog. refunded with order. 
Computer Companion, 45532 Fig, Room 102; 
Lancaster, CA 93534. 


FREE Programs! IBMpce’s/Apples/ 
Commodores/Adad/TRS80's/TI99-4A. EZ- 
RAEZRA, Box 52229] A, San Diego 92105. 


WINEMAKING 


WINEMAKERS - BEERMAKERS - Free 
Illustrated Catalog - Fast Service - Large 
Selection - Visa/Mastercard - (816) 254- 
0242 - KRAUS, Box 7850-N, Independence, 
Missouri 64053. 


WÜINEMARER —BEEFRMLARNKER: Free Il- 
lustrated catalog of supplies. Semplex, P.O. 
11476H, Minneapolis, MN 55411. 


FREE BEEHMAKING BOOK catalog. 
Finest ingredients, fast service. Make 
rich beer without additives or preser- 
vatves. (916) 923-4277. SPI, Box 
784-5, Chapel Hill, North Carolina 
27514. 


HOME BREWING 


` BEERMAKERS! FREE comprehensive 
Catalog/Newsletter. William's Box 2195- 
P9, San Leandro, CA 94577. 


HOME BAREWING—the art of making 
beer, thoroughly demonstrated step by step 
on videocassette—make gallons at a time- 
Easily. Send $29.95 plus $3.00 shipping to: 
Zuke Industries, PO. Box 1068 Windsor, 
CT 06095, Specify VHS or BETA; 10 days 
delivery. 


SCIENCE & CHEMISTRY 


225 PAGES! 1988 Glassware, chemi- 
cals, equ рае books, experiments, 
DINOSAURS and charts! Most compre- 
hensive catalog offered by anyone in this 
column. Established 1970. $3.00(US) 
REFUNDABLE. Analytical Scientific, 
11049 Bandera San Antonio, TX 78250. 
(512) 684-7373 VISA, 


CHEMICALS - GLASSWARE, Catalo 
$1.50. established 1953 Hagenow Labor 
tories, 1302 Washington, Manitowoc, Wi 
consin 54220. 


1989 CATALOG, 200 pages. Chemist 
Biology, Physical & Earth Science, Nat 

Dinosaurs and much more. Beginner to 
fessional. $2.00. Merrell Scientific, 
Buffalo Rd., Rochester, NY 14624. 


ANATOMICAL Products Catalog 2 
Pages $2.00. ACC, 8221 Kimball, Skoki 
IL 60076. 


PSYCHEDELIC Chemistry —Catalo 


= 


— $15.00. E. MacNab, 525 Johnson, View 
ria, Canada V8W 1M2. | 


SPECIAL SERVICES | 


INFORMATION On Anything. Fergu 
Research Specialists. 60-15 Woodside Av 
nue, Woodside, NY 11377. 


CONFUSED by funeral costs, intim 


| dated by mortuaries? Everything need 


to plan ahead, negotiate expenses ($8.9 
Memorial Planning, Box 2921, Kalispel 
MT 59903-2921. i 


SAVE THOUSANDS OF DOLLARS о 
borrowed-money contracts: Home mo 
ages, Auto, Business. $10.00 Postal Mo 


rder or Cash. THETAWISE, P.O. B 
3639, Augusta, GA 30914. 


GOV'T SURPLUS 


S RAID SEIZURES | 
Autos...Vans...Boats. .. Airplanes. . Міо! 
Surplus Bargains .. . many 1% original cos 


"Nationwide Sales Directory"—8$3.00. Dil 
posal, Box 
20036. 


19107-FM, Washington, 


BUYER'S Guide Government Bus ld 
DOD. $3.00 plus $1.00 handlin 
809-PS1, Clearlake Road, Cocoa HI as 3292 


DRUG RAID SEIZURES! Bu: dirt chea 
Cars, houses, boats, computers, furnitu 
Free Details: Surplus: Box 4309-YG, Wi 
Covina, CA 91791. | 


AIR CONDITIONING 


FREE Brochures. Repair air conditio 
ing, Refrigeration, Gas Heating, full i 
structions. Dooleo, Ine., 11252 foodnigh 
Dallas, TX 75229. | 


EDUCATION & INSTRUCTION. 


SIVE, FAST. FREE INFORMATION. 
JOHN BEAR, P.O. BOX 11447-PS1, 
RINA DEL REY, CA 90295. 


SUPERLEARNING! Triple learnin 
speed through music! Develop Supermerr 
ory; control stress. Free—book excerpt 4 
catalog. Su earns 450-PS1 Sevent 
Avenue, N.Y.C. 1012 


WORLD WIDE COLLEGE OF AUC 
TIONEERING, INC. Since 1933. Term Soor 
Free Catalog COL. Gordon E. Taylor, Bo 
949. Dept. 3 Mason City, IA 50401. 51£ 
423-5242. 

LEARN FRENCH EASILY - 3 lesson 
$5.00 plus free introduction. Send to: Ayme 


14 Delaware Ave, Somers Point, NJ 0824 


PARALEGAL GRADED CURRICULUN 
Approved in-depth training by correspor 
dence. BLACKSTONE SCHOOL OF LAM 
100 years of legal training. Write for fre 
catalog. РО. Box 790906, Dept. PS, Da 
las, TX 75379. 


HIGH SCHOOL ai home, diplom 
awarded. Low monthly payments. N 
classes, information free. Phone fre 
1-800-228-5600, or write: American Schoo 
р $347,850 E. 58th St., Chicago, I 


NEON ART & TUBE BENDIN 
SCHOOL-Popularity of neon is exploding 
Learn this specialized skill. Employmer 
opportunities abound. FREE СОО! 
BROCHURE. 3130-B S.E. Hawthorne, Por 
land, OR 97214 503/239-5309. 


FREE 1988 CAREER GUIDE. Earn mor 
money with Success Proven Correspondenc 
Diploma Courses. Granton Institute, 263. 
Adelaide Street West, Toronto Canada. 


HANDLE YOUR OWN LEGAL AFFAIRS 
Be à Paralegal. Accredited Attorney Ir 
struction, Home Study. FREE CATALOC 
Southern Career Institute, Drawer 19РЕ 
2158, Boca Raton, FL 33427. (305) 368-2522 


VILLARREAL NATIONAL UNIVERSITY. 
ully accredited state university, 45,000 
udents on campus. Offering non- residen- 
al Master's and Doctorate degrees. In- 
uire: International Program c/o Interna- 
onal Educational Consultants, 4521 
ampus Dr., Suite 444Q, Irvine, CA 92715. 


SUPER-INTELLIGENCE! Amazing re- 
ilts guaranteed! EDEPS, Box 1462, Glen- 
ora, CA 91740. 


REE COLLEGE TAPE External Degrees 
us./Pub. Admin. LAW (Qualify Bar! Ac- 
redited, Fin. Aid 1-800-759-0005. LA 
ALLE UNIVERSITY, ST. LOUIS, Mis- 
yuri 63146. 


UNIVERSITY DEGREES Without 
lasses! Accredited Bachelor's. Master's, 
octorates. Free Revealing Facts! Thorson- 
512, Box 470886, Tulsa, OK 74147. 


FULLY APPROVED UNIVERSITY DE- 
REES. Economica! home study for Bach- 
lor’s, Master's, Ph.D., fully hy 
alifornia State Department of Education. 
restigious faculty counsels for indepen- 
ent study and life experience credits 
1000 enrolled students, 400 faculty). Free 
formation — Richard Crews, M.D. (Har- 
ard), President, Columbia Pacific Univer- 
ty, Department 2R51, 1415 Third Street, 
an Rafael, CA 94901. Toll free: (800) 
27-0119; California: (800) 552- 5522; or 
115) 459-1650. 


FUNERAL SERVICE - Homestudy 4 
ionth CERTIFIED MORTUARY TECHNI- 
LAN Progr am. FUNERAL SERVICE IN- 
TITUTE, Вох 1184, Deerfield Beach, FL 
3443, 1- 800- 323- 5532. 


BE A HECORDING ENGINEER; "Train 
t home for High Paying—Exciting Ca- 
ers. FREE Information. AUDIO INSTI- 
UTE, 2174 Union St. Suite 22M San Fran- 
sco, CA 94123 


BECOME A Real Estate EDD Free 
formation. 1-800-223-4542 Dept. RA109. 


PARALEGAL Careers, Authorized Attor- 
ey Instruction. Home Study. Free Cata- 
yz. 1-800-223-4542 Dept. LA109. 


FOR INVENTORS 


PATENT IT ECONOMICALLY! Free de- 
ils. Licensed since 1958. Rainer Associ- 
tes, 2008 Fondulac, Richmond, VÀ 23229. 


INVENTORS! Can you patent and profit 
‘om your idea? Call or write for your free 
formation package. Over a decade of serv- 
©. AM INVENTORS CORPORA- 
KON, 32 Broad Street, Dept. PS, Westfield, 
lassachusetts, 01086. 1-800- 338-5656. In 
lassachusetts or Canada call (413) 568- 
753. 


PATENT AND DEVELOP Your Invention. 
egistered Patent Agent and Licensed Pro- 
:ssional Engineer. Send for FREE PATENT 
FORMATION Every Inventor Should 
lave. Richard L. Miller, 12 Parkside Drive, 
uite-N, Dix Hills, NY 11746. (516) 
99-4343. 


INVENTION RESOURCES. Box 99141, 
an Francisco 94109. R&D, Manufacturing, 
larketing, Finance. 


FREE help for inventors! No charge for 
ecording forms and evaluation. Affiliated 
aventors Foundations, 2132-1 Bijou, Colo- 
ado Springs, CO 80909, or Toll Free 1-800- 
25-5885. 


INVENTORS: INVENTIONS MAR- 
ЕТЕП & Developed for U.S. Patenting by 
ormer US PATENT OFFICE EXAMINER, 
rofessional Patent Engineer FREE 
NVENTION CERTIFICATES. Marketing 
epresentative, Suite 3815PS Woolworth 
uilding, New York, NY 10007. 


NVENTORS! Idea search being conducted 
y DC based firm. Call APSI, 1-800- 
88-6088 ext. 238. 


PATENT SEARCHES $100 Do you need 
patent attorney for patenting, licensing? 
-800-877-2232 ext. 452. 


LEARN how to offer your inventions for 
ale or license. Free booklet outlines proce- 
ures, royalty rates, requirements. Kessler 
ales Corporation, C-7-FL Fremont, Ohio 
3420. 


INVENTION SCHOOL. Only one оп 
arth. Dollar-a-Month. 1-314-435-9290. 


REGISTEHED PATENT ATTORNEY, 
Vashington, D.C. Suburb. D.A. Kettle- 
trings, 414 Hungerford Drive, Rockville, 
Їагуіапа 20850. 


SERIOUS INVENTORS ONLY! How to 
get your invention off the ground. Protect- 
ing your ideas. Testing the market. When 
to patent. Financing options. All this and 
much more on ONE HOUR AUDIO TAPE. 
Information that can save you thousands 
by inventor, manufacturer and marketing 
experts. $19.50 plus $2 P&H to: Product 
Development Services, PO. Box 41596, 
Plymouth, MN 55447. 


I LEARNED THE HARD WAY. How to in- 
expensively protect ideas, inventions for two 
years and establish evidence of conception 
Before pe ten Details $12.00. Cunning- 
ham, Box ox PS-605, Soldotna, Alaska 99669. 


PATENT YOUR INVENTIONS AT REA- 
SONABLE COST. Deal directly by mail 
with skilled registered patent attorney, 16 
years experience. High success rate. Pre- 
agreed fees for patent application. Free 
initial telephone consultation, all commu- 
nications confidential. Т.М. FREIBURGER, 
(415) 781-0310. 


VIDEO BY INVENTOR. Step by step 
"HOW TO" PATENT IDEAS (87 mins.) 
A/M Productions, 1529 First, SW, Ardmore, 
OK 73401—MC/Visa/Ck. $39.95 (800) 
548-2182. 


INVENTIONS WANTED 


IMVENTORS! Confused? Need help? 
Call AIM for free information kit. In US. 
and Canada. Toll free: 1-800-225-5800. 


IDEAS, INVENTIONS, NEW 


PRODUCTS WANTED FOR 
Presentation to industry and exhibition at 
national innovation exposition. Call free 1- 
800-288-IDEA. Or write: 

INVENTION SUBMISSION CORP-PS 
903 Liberty Avenue 
Pittsburgh, РА 15222 


INVENTIONS Developed Marketed. 
Free Invention Certificates. MANUFAC- 
TURERS REPRESENTATIVE, Suite 3815- 
F5, e Building, New York, NY 
1000 


INVENTORS: If you have an invention 
ih sale or license, write for free booklet 
explaining how we can help you. Kessler 
ales Corp., C-7-IW, Fremont, Ohio 43420. 


PERSONAL 


COLLEGE DEGREES, High School 
Diplomas. Authentic looking. Free Cata- 
log. National Certificate, Dept. PS 131, 210 
5th Avenue, New York, 10010 (718) 768- 
6803 Ext. 100 (24 Hours). 


DEBT ELIMINATION: EASILY. ATTAIN 
EXCELLENT CREDIT RATING, LOANS BY 
MAILI! FREE INFORMATION: HAKIDO, 
BOX 12101, HONOLULU, HAWAII 96828 

PERSONALITY, Vocational Traits Report 
From Handwriting Expert. Guaranteed 


Work Send Now For Brochure. Graphol- 
ogy, Box 127 Station M, Calgary, Canada 


T2P-2H6. 


TOYS & GAMES 


INTRODUCTORY OFFER Unique New 
Game, Great Gift $8.00. T.B.I., PO. Box 490, 
Middletown, NY 10940. 


"Le Bird" Amazing durable mechani- 
cal bird. Actually files up to 150 ft. De- 
signed from Leonardo DaVinci's sketches. 
Colors Red, Blue, Green. $9.95, two or more 
$8.95 ea, $1.75 P/H. MO, Ck, Visa or MC 
accepted. TVA Distributors; PO Box 178; 
Dearborn Heights, MI 48127. 


EMPLOYMENT INFORMATION 


JOBS, Cruiseships, Tugs, Snips. River- 
boats, Oilrigs: Women-Men. Work month- 
Home month. USA + Overseas. Informa- 
tion $3.00 Marine Employment, Box 223, 
Central, IN 47110. 


EASY Work! Excellent Pay! Assemble 
products at home. For info. Call-504- 
641-8003 Ext. A-8068. 


SALE'S PERSON'S DREAM'S No sell- 
ing, No competition, A product that sell it- 
self. Everyone need it. I made over $12,000 
my first month. You can earn $125,000 first 
year, Fortune 500 Co. Offices in 50 States 
and Canada. Come an see it sell you. Send 
Resume plus $2.00 for return call to: Vice 
President, РО. Box 491634-5, Ft. Lauder- 
dale, FL 33349. 


GOVERNMENT JOBS $16, 040 — 
$59,230/yr. Now Hiring. Call (1) 805- 
adi -6000 Ext. R-4300 for current Federal 
ist. 


OVERSEAS... $25,000 - $75,000 +, Free 
Report! Employment, Box 19760-FM, Indi- 
оа IN 46219. 


$1000 MONTHLY. Part Time. Must 
have answering machine. 1-416-482-3000 
X152A, Days/Evenings/Weekends. 


OF INTEREST TO ALL 


MESSIAH PROMISED LIFE TO THE 
OVERCOMER. Send for your free copy 
of "The Psychology of Purity & Chas- 
tity” to: Schizophrenics international, 
Р.О. Box 50456, Ft. Worth, TX 76105 


WINNINGEST Numbers, combinations, 
proven beat odds. Bingos, Horse, dogs, har- 
ness, lotteries, $5.00. POB 70636, Pasa- 
dena, CA 91107. 


JOIN The Millionaires Club. 3 Cents Per 
Day, A 3 Year Membership. New Car Give 
A-Way (Members Only). Send $32.50 TO: 
MARTIN AND ASSOCIATES, Box 595, 
Frewsburg, NEW YORK 14738. 


PREDICT YOUR FUTURE. Learn the - 
less methods for a better life. Box 1393-PP, 
Newbern, NC 28569. 


ARE YOU DULL at parties? Fun facts 
about interesting subjects! Be a social giant! 
Free details. I.M.E., PO. Box 471484, Tulsa, 
OK 74147. 


SNOW Shovel Breakthrough!!! No Lift- 
ing! Free Brochure: Sno-Pro, Box 295, Al- 
toona, PA 16603. 


JOIN “ THE GREETING CARD CLUB" 
TODAY. We mail out cards for you. Send 
sase for information. D. A.E., PO. Box 125, 
Palisades Park, NJ 07650. 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Rings, Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Free gift 


| with Information. Chicago Gold & Pre- 


cious Metals, 10 S. Wabash, Dept. 557, Chi- 
cago, 60603. 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 60602. 


JEWELRY 


CLOSEOUT Jewelry—Stamped Enve- 
lope To-King's, Box 8826, Tucson, AZ 
85738. 


CLOSEOUT Jewelry. 55¢ dozen (Catalog 
25¢). Roussels, 107-1635 Dow, Arlington, 
MA 02174-7199. 


BOOKS & MAGAZINES 


UNIQUE BOOKS. Learn HOW to do al- 
most anything! FREE catalog, Cardif-P, 908 
Niagara Falls Blvd. North Tonawanda, NY 
14120-2060. 


OLD Popular Science Magazines - 35 
vears Worth! 1932-1967 Call Bud. 1-509- 
448-8591. 


MAKE MORE MONEY! How to Get Pay 
Raises! $5.00, AMERIPUB, Box 310, Dept. 
PS-1, Perry, OH 44081. 


SPORTING GOODS 


WORLDS largest selection of blackpow- 
der guns and accessories. Send $4.00 for 
illustrated catalog featuring 7000 items. 
Dixie Gun Works, Dept. 14, Union City, TN 
38261. 


MONEY MAKING OPP. 


MPERSTICKER Printer. Cheap, 
Simple. Portable. Free Details. Bumper, 
РОВ 22791 (LLD), Tampa, FL 336232. 


MAKE 6 FIGURE $'s ANNUALLY! Guar- 
anteed!! SASE: Action Marketing, BC3, Box 
472563; Garland, TX 75047 


EXPERTS have compiled information on 
increasing your present wealth. For the one 
hour cassette send $6.95 to: E.D. Basham, 
Р.О. Box 2324, New Carey, TX 77357. 


GOLD MINE in Garage Sales. Com- 


[rdg v bep $3.00. Ventures, 156 Mar 
ista, Monterey, CA 93940. 


HIGH Profits T-Shirts Caps. Inexpenaive, 
transfer machines, supplies, Press, P.O. Box 
22809- LLD, Tampa, 33623. 


SPARE TIME BUSINESSES that can 


make you rich. Free details. sere б 
Portes, P.O. Box 14517, Cleveland, OF 


MAKING EXTRA MONEY MADE EASY. 
FREE Subscription to Opportunity Maga- 
zine offers hundreds of proven ways. Write: 
Opportunity, Dept. O82, 6 N. Michigan, Chi- 
cago, IL 60602. 


PROFITABLE OCC. 


HYDRAULIC JACK REPAIR MANUAL 
and catalog $10.00. Hydraulic Parts Sup- 
ply, Box 4157, Brownsville, TX 78523-4157. 


MAILING LISTS 


NEW ACTIVE NAMES!! 
RANDOM STATES Available! IMMEDI- 
ATE SHIPMENT! Adhesive Labels— 
Guaranteed Opportunity Seekers 500/ 
$25; 1000/$40. Others. Advon, Drawer B6, 
Shelley, ID 83274. Visa/MC/AmEx, 1-800- 
992-3866. 


NEW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed ee Bours 
Seekers. Adhesive labels, 200/$8; 500/$11; 
1,000/$18; 2,000/$29; 5,000/$59. 

! Box 1305-CW, Seaford, NY 11783. 
VISA/MC/COD. 800-356-6392. 


REMAILING SERVICES 


CONFIDENTIAL Mail Receiving/For- 
warding. Mail Drop, Box 18039Р5, 
Orlando, FL 32860. 


MISCELLANEOUS 


GOLD, Silver, Platinum containing scrap 
& Mercury. Free quotes & sample evalua- 
tion. PMRSD: 1- 800- 932-1010, Box 191, Nor- 
wood, MA 02062. 


"WATEFWATCH' The only watch in the 
world that runs on water! Write: Sunfun 
Leisure Products, 314 E. Holly Street, #106, 
Bellingham, Washington 98225. 


PLASTICS 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, embedding, coat- 
ing, fiberglassing, repairing and reproduc- 
ing with our Mold Макиш бирре, Cata- 
log $2.00. CASTOLITE, Dept. 89А/Р5, Box 
391, Woodstock, IL 60098. 


RAZOR BLADES, SHAVERS 


BIC, ATRA, ETC RAZOR USERS. 
SMOOTHER SHAVES WITH UP TO 3 
TIMES AS MANY SHAVES PER RAZOR. 
IMMERSE IN SHAVER-SAVER FLUID. 


ELECTRIC TRAINS, RACEWAYS 


MAKE THIS YOUR YEAR FOR MODEL 
RAILROADING ... WITH ATLAS! A com- 
plete line of books and all the accessories 
you 1l need. It's easy to start or improve your 
N, HO and O Scale layout! For à free cata- 
log, send a SASE (50g) to: Dept. 101, Atlas 
Tool Co., 378 Florence Ave., Hillside, NJ 
07205. 


WEATHER FORECASTING 


WEATHER INSTRUMENTS. Accurate 
Electronic Displays: Humidity, Tempera- 
ture, Barometric Pressure. WEATHER- 
CHECK, Box 353, Marysville, Michigan 
48040. 


DETECTIVE 


PRIVATE INVESTIGATOR Home-study 
Training . Free Information. Global, 
Box 191PS, Hanover, MA 02339. 


NURSERY STOCK 


GINSENG Roots $15/100, Information 
$1.00. Ginseng, PS, FlagPond, TN 37657. 


GIFTS 


JOKES: Computer printouts, new and 
improved. Collection Number One 1,387 
JOKES. Collection Number Two 1,392 
JOKES. Specify Which Collection. $20.00 
Each Postpaid: CUMMINGSWARE, 200 
Kane Court, Joppa, Maryland 21085. 


PRINTING 


BEAUTIFUL EMBOSSED BUSINESS 
CARDS 1-Color $19.95 Per 1000, 2-Color 
$24.95 Per 1000. Free Samples Pre-Paid De- 
livery. Mark It Write, 8362 State Road “H”, 
Philadelphia, PA 19136. 
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Product information 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


101 Pleasure Boats Bayliner, the world’s 
largest pleasure-boat builder, offers 34 mod- 
els that range from 15 to 45 feet. Each is 
designed to work, built to last, and priced to 
make top quality truly affordable, Free 


102 Redwood Interiors This four-page il- 
lustrated color brochure from the California 
Redwood Association provides information 
about finishing redwood lumber paneling. It 
includes tips for preparation and an easy-to- 
read chart that describes various finishes, 
uses, and effects, as well as instructions for 
application and maintenance. 85¢ 


103 High-Tech Newsletter Join professors, 
engineers, and others with Casiolink, Casio's 
high-tech newsletter. Developments in elec- 
tronic products are discussed and useful ap- 
plications from readers are shared. $2 


104 Fishing Equipment Daiwa Corp.s 84- 
page full-color catalog features the compa- 
ny's full line of rods, reels, mini systems, and 
accessories, including the new Power line of 
rods and reels that give you the firepower to 
win any phase of the fishing game. $1 


105 Energy Economy Double Energy Sys- 
tem's cogeneration power systems feature the 
Baby Cogen system, the world's smallest 
cogeneration package. This highly efficient 
and reliable residential-energy producer pro- 
vides home power in addition to hot water 
and space heating. Free 


106 Hobbyist Catalog Edmund Scientific's 
80-page catalog contains over 1,200 prod- 
ucts, including telescopes, magnets, weather 
Instruments, high-tech toys, and others that 
can be applied to science-fair projects. Free 


107 Driving Control Four Way Suspension's 
brochure describes its Bulldog Maximum Con- 
trol Stabilizing System. Bulldog meets all ride- 
control standards and is available for pickups, 
sports utility vehicles, and vans. Free 


108 Affordable Home Plans Home Plan- 
ners has a collection of home designs for 
moderate building budgets. Contributing to 
affordability are designs with potential for ex- 
pansion, dual-use space, compact configura- 
tions, prudently planned livability, and no 
wasted space. Square footage begins at 
1,428, and the average for the wide variety 
of design types is approximately 2,000. $2.95 


109 Unusual Items “The Things You Never 
Knew Existed'" catalog from Johnson Smith 
Co. has over 1,800 novelties, hobby and 
sports equipment, scientific and electronic 
items, and fun-maker and gag gifts. Free 


110 Car Lights The latest edition of the 
KC HiLites catalog lists over 35 auxiliary lights 
and a full line of lighting accessories. The 
product line includes fog, driving, and utility 
auxiliary lights, as well as competition lights 
for off-road racing. $3 


111 Power Tools А complete mini-catalog 
of Makita's cordless and corded power tools 
includes drills, screwdrivers, sanders, grind- 
ers, circular saws, jigsaws, cutoff saws, trim- 
mers, and polishers. Free 


112 Luxury Boats A full-color brochure 
from Maxum Marine describes its complete 
line of luxury family boats loaded with fea- 
tures and appointments. Standard equipment 
includes a digital AM-FM stereo cassette 
player and all-weather speakers. Plenty of 
stowage is also available for skis, beverages, 
food, and fishing supplies. Boats range in size 
from 16 to 23 feet. Free 


113 Wood Finishing This revised edition 
of Minwax's 30-page illustrated finishing guide 
is complete with time-saving tips and easy 
how-to instructions. Many projects are out- 
lined with step-by-step instructions with color 
charts. Minwax's guide shows you how to 
beautify and protect new wood and restore 
older wood to its original beauty. Free 


114 Напа-Сгеат Sample Опе drop of 
Neutrogena Hand Cream makes your hard- 
working hands feel better fast. A fragrance- 
free Ye-ounce sample is available. Free 


115 North Carolina Vacation This travel 
package from the North Carolina Division of 
Travel and Tourism provides information on 
where to go, where to stay, and what to do on 
a vacation in beautiful North Carolina. Free 


116 Water Safety A full-color brochure 
from Sporting Lives describes the SOSpender, 
a safe inflatable flotation device for use when 
fishing, boating, swimming, sailing, duck 
hunting, surfing, or canoeing. Free 


117 Outboards Suzuki's two color cata- 
logs describe its 1988 outboards—from a two- 
horsepower model to a 200-hp Vo—with True 
Oil Injections and Power Trim standard on 
many models. The Suzuki 150 Super Six has 
hood louvers for higher performance. Free 


118 Home Comfort — Tempstar offers a 
14-page guide to buying its energy-efficient 
furnaces, heat pumps, and central air condi- 
tioners. The full-color booklet explains how 
the systems work, industry energy ratings, and 
how to maximize savings. Free 


119 Wood Finishing The color guide from 
United Gilsonite Labs has tips on wood fin- 
ishing, refinishing, and special stain effects. 
The guide provides how-to information for all 
phases of finishing—from removing old paint 
to choosing and applying new stain. Free 


120 Lawn Mower А full-color brochure 
from Yamaha describes the Terrapro System. 
The Terrapro Moto-4 is not only a serious tool 
for yard care, but is a hardy and versatile four- 
wheeled ATV for utility and recreation. The 
two Terrapro System mowers, the 48-inch 
finish-cut mower for lawns and the 42-inch 
rough-cut mower for tackling field and brush 
areas, can cut from 11% to 5 inches. Free 


Petes == ш ша ша тата пш аш FLL IN COUPON AND MAIL TDA ананан ae a a ee 


Please send check or money order made out to POPULAR SCIENCE. 


- POPULAR SCIENCE P.O. Box 5131, Pittsfield, Mass. 01203-5131 THIS COUPON EXPIRES MARCH 31, 1989 - 
i Note: POPULAR SCIENCE Massachusetts address is for Product Information only. il 
- Please send the items checked below. | am enclosing $1 handling charge (апу - 
i number of items per coupon) plus amount required for priced items. Orders will not 1 AM ENCLOSING 

i be processed unless accompanied by the $1 handling fee. Do not send cash. - 
- t1 101 Ù 105 [1 109 г} 113 [1117 $___________for priced items - 

O 102 85¢ [j 106 [1 110 $3 D 114 [1118 1.00 БИР ЩЩ 

Ё | $ HU for handlin ü 
ps (1103 $2 L! 107 O 111 [] 115 Li 119 " E 
: [1 104 $1 [1108 $2.95 11112 U 116 (1 120 $ | TOTAL REMITTANCE - 
А Д 
- Name (please print) - 
- Address City & State Zip : 
p Ё 
E lj 
i 


No stamps or foreign currency. Allow approximately six weeks’ delivery. POPULAR SCIENCE JANUARY 1989 
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Marlboro 


LIGHTS 


SURGEON GENERAL'S WARNING: Smoking 
Causes Lung Cancer, Heart Disease, 
Emphysema, And May Complicate Pregnancy. 


10 mg "аг, 0.7 mg nicotine av. per cigarette by FTC method. 


TOYOTA GENUINE SHEET METAL 


PROTECT YOUR 
TOYOTA IN A BIG WAY. 
KEEP IT ALL TOYOTA. 


There's Nothing Like The Real Thing. 


| Toyota Genuine Sheet Metal is big on quality. Your 

2 insurance company is obligated to restore your Toyota to 
| its original condition. In a move to cut costs, they can also 
cut quality by specifying imitation parts. The only sure 
way to maintain the quality of your Toyota is to specify 
Genuine Toyota Body Parts that preserve the integrity of 
your Toyota design. Toyota Sheet Metal maintains 
maximum corrosion protection, fits right, looks right. . . 
and your original equipment warranty remains intact. 
Insist on Genuine Toyota Sheet Metal over imitation parts. 
Because theres a big difference. And because theres 
nothing like the real thing. 


TOYOTA QUALITY 


© 1988 Toyota Motor Sales, U.S.A., Inc. WHO COULD ASK FOR ANYTHING MORE! 


